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1. I n t r o d u c t i o n  
The p a s t  decade has b rought  a  growing understanding t h a t  t he  f a t e  o f  
t he  environmental  resource base i s  c r i t i c a l  t o  t h e  f u t u r e  w e l f a r e  o f  t he  
i n h a b i t a n t s  o f  t h e  p l a n e t .  There i s  mounting evidence t h a t  human a c t i v i t y  
i s  a l t e r i n g  g l oba l  c l i m a t e ;  t he  c o n t i n u i n g  use o f  components o f  t h e  
environment i s  caus ing reduc t i ons  i n  l a n d  capab i l  i t y  and waste and o t h e r  
by-products  o f  human a c t i o n s  a re  a f f e c t i n g  t h e  c a r r y i n g  c a p a c i t y  o f  o the r  
lands .  'The p lann ing  and management o f  l a n d  use change today f o r  sus ta i nab le  
development tomorrow r e a u i r e s  knowledge o f  two bas ics :  
" t h e  supply  o f  l a n d  w i t h  d i f f e r e n t  c h a r a c t e r i s t i c s .  
" t h e  demands t o  be placed on t he  l a n d  resource. 
Ana lys is  o f  t he  c u r r e n t  and f u t u r e  a b i l i t y  o f  t he  l a n d  base t o  serve t he  
goa ls  o f  s o c i e t y  i s  dependent upon enhanced knowledge o f  t h e  determinants  o f  
l a n d  use, p a r t i c u l a r l y  as these c o n s t i t u t e  o p p o r t u n i t i e s  and c o n s t r a i n t s  t o  
f u t u r e  l a n d  use op t i ons .  Th is  paper examines l a n d  supply  and demand i n  
terms o f  da ta  requirements,  use fu l  a n a l y t i c a l  approaches, problem 
i d e n t i f i c a t i o n  as we1 1  as so l  u t i o n  development and imp1 ementat ion. These 
s teps  a r e  c e n t r a l  t o  t h e  a b i l i t y  o f  p lanners t o  i d e n t i f y  those f a c t o r s  
( v a r i a b l e s )  most c r i t i c a l  i n  t h e  a n a l y s i s  o f  t h e  a b i l i t y  o f  t h e  l a n d  
resource t o  serve t h e  needs o f  s o c i e t y  on a  sus ta i nab le  bas i s .  
The Worl d  Comni ss i on  on Environment and Development ( Brundt l  and, 
1985) has supported sus ta i nab le  development as a  c e n t r a l  goal  o f  
i n t e r n a t i o n a l  environmental  and economic p lanning.  Th i s  p o s i t i o n  has been 
echoed i n  t h e  proceedings of  t he  1986 Ottawa Conference on Conservat ion and 
nevel  opment (Jacobs and Munro, 1987). With re fe rence  t o  1  and (here  used 
very  b road ly ,  r e f l e c t i n g  t h e  f a c t  t h a t  l a n d  i s  a  resource base and t h e  
l o c a t i o n  f o r  most human a c t i v i t y ) ,  sus ta inab le  l a n d  use can be de f i ned  as 
t h e  b e s t  poss ib l e  long- te rm produc t  o f  t h e  i n t e r a c t i o n  o f  supply  ( g e n e r a l l y  
de f i ned  i n  b i ophys i ca l  terms)  and demand (descr ibed  i n  socio-economic 
terms) .  Given known b iophys i ca l  resources, t h e  o b j e c t i v e  i s  t o  t ake  a c t i o n  
i n  advance, ensur ing  t h a t  t h e  l a n d  base w i l l  con t i nue  t o  serve t h e  demands 
we w i l l  p lace  on it, and m a i n t a i n i n g  s u f f i c i e n t  margins o f  sa fe t y .  
Th is  paper begins by examining from a  t h e o r e t i c a l  pe rspec t i ve  how we 
need t o  analyze l a n d  i f  we a r e  t o  p l an  t o  achieve sus ta i nab le  development. 
It then proceeds t o  i d e n t i f y  which a r e  t he  key b i ophys i ca l  and 
socio-economic v a r i a b l e s  t o  suppor t  t h i s  approach. The cons ide ra t i ons  o f  
s p a t i a l  framework a r e  then addressed and a  supp l y / cons t ra i n t  mode l l i ng  
procedure i s  proposed. The paper ends w i t h  an examinat ion o f  t he  use o f  
such an approach t o  t e s t  d i f f e r e n t  scenar ios w i t h i n  a  l a n d  supply/demand 
framework. 
I n  genera l ,  t he  c a r r y i n g  capac i t y  o f  t h e  l a n d  base can be de f i ned  i n  
terms o f  s p e c i f i c  b i ophys i ca l  v a r i a b l e s .  These b iophys i ca l  v a r i a b l e s  can be 
used w i t h i n  a  supp l y / cons t ra i n t  mode l l i ng  framework t o  analyze changes i n  
t h e  a b i l  i ty  o f  t he  environment t o  suppor t  p a r t i c u l a r  f u n c t i o n s  ( p r o v i d e  
goods and se rv i ces ) .  I n  a d d i t i o n  t o  t he  b i ophys i ca l  v a r i a b l e s  which s e t  
l i m i t s  t o  resource use o p t i o n s  o r  d e f i n e  o p p o r t u n i t i e s ,  t h e r e  a r e  many o t h e r  
s o c i a l  and economic v a r i a b l e s ,  r e l a t e d  bo th  t o  pas t  use p a t t e r n s  and t o  new 
needs and des i res  o f  users,  which a r e  impo r tan t  determinants  o f  land-use 
p a t t e r n s  b o t h  c u r r e n t  and fu tu re .  The b iophys i ca l  v a r i a b l e s  and t h e  
socio-economic f a c t o r s  l i n k  t o  p rov ide  o p p o r t u n i t i e s  o r  c o n s t r a i n t s  
a f f e c t i n g  t h e  need, o r  a b i l i t y ,  t o  respond i n  t he  face o f  changing 
circumstances. From a  p r a c t i c a l  perspec t i ve ,  we must i d e n t i f y  which 
v a r i a b l e s  and which r e l a t i o n s h i p s  w i l l  be most c r i t i c a l  t o  t h e  a b i l i t y  t o  
mold l a n d  use t o  f u t u r e  foreseen needs. These f ac to r s  must a1 so be 
addressed as they  app ly  t o  r a t i o n a l  assessment of  poss ib l e  s i g n i f i c a n t  
d i s r u p t i o n s  (e.g., c l i m a t i c  changes, energy supply  a1 t e r a t i o n s ,  
g e o - p o l i t i c a l  changes) which m i g h t  have ma jo r  impacts on t h e  supply  o f ,  o r  
t h e  demand f o r ,  environmental  resources w i t h  p a r t i c u l a r  c h a r a c t e r i s t i c s .  
Fundamental t o  t h e  problem o f  ach iev ing  long- te rm sus ta i nab le  use o f  
environmental  resources i s  t h e  f a c t  t h a t  many o f  t h e  most impo r tan t  f u t u r e  
i n f l u e n c e s  may occur  as s u r p r i s e  events  ( H o l l i n g ,  1986). Even where broad 
t rends  can be a n t i c i p a t e d ,  t h e  p rec i se  magnitude and t h e  d i f f e r e n t i a l  impact 
on d i f f e r e n t  p a r t s  o f  t h e  wo r l d  can seldom be a c c u r a t e l y  p r e d i c t e d  (C la r k  
and Munn, 1986; Munn, 1987). Yet a fundamental p recep t  assoc ia ted  w i t h  
sus ta i nab le  development i s  t h a t  problems should be foreseen and t h a t  a c t i o n s  
should be taken t o  m in im ize  o r  avo id  problems be fo re  t hey  occur.  Fo res igh t ,  
however, i s  c l e a r l y  imposs ib le  f o r  t o t a l l y  unexpected events.  Whi le i t  i s  
imposs ib le  t o  a n t i c i p a t e  a l l  e v e n t u a l i t i e s ,  a c t i o n s  can be taken t o  
f a c i l i t a t e  d e a l i n g  w i t h  them when they  occur  o r  t o  e l i m i n a t e ,  i n  advance, 
p a r t i c u l a r  s e n s i t i v i t i e s  o f  t he  system t o  a range o f  p o s s i b l e  d i s r u p t i o n s  -- 
t o  keep o p t i o n s  open. I n  p a r t i c u l a r ,  a n a l y t i c a l  systems and da ta  se t s  can 
be developed which suppor t  p reven t i ve  ac t i ons  o r  qu ick  responses. Such 
a n t i c i p a t o r y  systems r e q u i r e  t h a t  t he  re1 a t i o n s h i  ps (1  inkages)  between known 
a t t r i b u t e s  o f  t he  l a n d  base ( supp l y )  and l i k e l y  env i ronmenta l ,  o r  u l t i m a t e  
human responses (demands) a r e  c l e a r l y  understood. I n  t h e  case o f  l a n d  use, 
as w i l l  be addressed l a t e r ,  t h i s  may r e a u i r e  a p a r t i c u l a r  t ype  o f  data 
and/or a n a l y t i c a l  procedure. 
I n  response t o  a reques t  f rom the  I n t e r n a t i o n a l  I n s t i t u t e  f o r  Appl ied 
Systems Analys is ,  t h i s  paper has been prepared as a c o n t r i b u t i o n  t o  t he  
p r o j e c t  t o  examine Fu tu re  Environments o f  Europe: The I m p l i c a t i o n s  o f  
Fu tu re  Development Paths. It i s  in tended t o  s t i m u l a t e  d i scuss ion  o f  how t o  
deal w i t h  f u t u r e  land-use p a t t e r n s  and problems a t  a c o n t i n e n t a l  sca le .  
The paper i s  based on t h e  work o f  Lands, Environment Canada and on work 
ongoing i n  Canadian, American and Aus t ra l as i an  i n s t i t u t i o n s .  These 
observa t ions  a re  p u t  fo rward  i n  t he  hope t h a t  t hey  may c o n t r i b u t e  t o  t he  
development o f  a program i n  Europe ensur ing  t h a t  t he  l a n d  resource base i s  
planned and managed i n  suppor t  of  sus ta i nab le  development. 
2. Analysis o f  Land i n  Support o f  Sustainable Development 
The development o f  t he  a b i l  i t y  t o  analyze 1 and use must be seen 
w i t h i n  a f a r  broader  framework than j u s t  t he  c o l l e c t i o n  and a n a l y s i s  o f  
data. The i d e n t i f i c a t i o n  o f  key determinants  and t he  c o l l e c t i o n  o f  
suppor t ing  data a re  b u i l d i n g  b l ocks  i n  a h o l i s t i c  approach t o  address the  
r o l e  o f  t e r r e s t r i a l  resources i n  t h e  achievement o f  t he  broad goal o f  
sus ta i nab le  development. I n  t h e i r  1984 paper, Manning and McCuaig proposed 
a pyramidal  s t r u c t u r e  as a conceptual  framework d e s c r i b i n g  an i d e a l  program 
t o  suppor t  "wise l a n d  use". Subsequent work by t h e  same au thors  has f u r t h e r  
developed t h i s  framework i n t o  a s t r a t e g y  f o r  research i n  suppor t  o f  t he  goal 
o f  sus ta i nab le  development. The goal o f  " sus ta i nab le  development" i s  ve ry  
sweeping. Any more p r e c i s e  d e f i n i t i o n  w i l l  depend g r e a t l y  on Europeans and 
t h e i r  governments as t hey  s e t  p r i o r i t i e s  i n  terms o f  l i f e s t y l e ,  economic 
development, e t c .  I n  fac t ,  a whole range o f  demand mode l l i ng  exe rc i ses  
cou ld  be undertaken wherein scenar ios a re  developed and t e s t e d  as 
a1 t e r n a t i v e  s u s t a i  nabl e o r  non-susta i  nabl e f u t u r e s .  
I n  F igu re  1, a pyramid i s  presented w i t h  t h e  o v e r a l l  goal o f  
" sus ta i nab le  development"; t h i s  i s  de f i ned  as t he  maintenance o f  t h e  
environmental  resource base t o  s u s t a i n  those f u n c t i o n s  which ma in ta i n  l i f e  
and socio-economic a c t i v i t y .  I n  terms o f  land ,  t h i s  o b j e c t i v e  c o u l d  be 
de f i ned  as t he  maintenance o f  an adequate q u a n t i t y  o f  l a n d  w i t h  r e a u i r e d  
qua1 i t i e s  t o  support ,  i n d e f i n i t e l y ,  t h e  f u l l  range o f  s o c i e t a l  demands which 
depend on t h e  t e r r e s t r i a l  resource base. These f u n c t i o n s  i n c l  ude n o t  o n l y  
t h e  p r o d u c t i v e  f u n c t i o n s  o f  t he  environment b u t  a l s o  t he  suppor t  o f  spec ia l  
a e s t h e t i c  va lues.  The l o g i c  o f  t h e  pyramid i s  t h a t  i t  i s  designed f rom the  
t o p  down t o  suppor t  a p a r t i c u l a r  s o c i e t a l  goal -- i n  t h i s  case, sus ta i nab le  
development ( l e v e l  A). Each l e v e l  o f  t he  pyramid i s  b u i l t  upon lower  ones 
t o  suppor t  t h e  goal a t  t h e  top .  Level B o f  t he  pyramid, implementation 
i n v o l v e s  those a c t i v i t i e s  necessary t o  mod i fy  t he  use o f  t h e  l a n d  resource 
base i n  o rde r  t o  ach ieve t he  goa l .  Th i s  i n v o l v e s  such s teps  as 
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t he  p l ann ing  and management o f  resources w i t h i n  ou r  d i r e c t  c o n t r o l ,  t h e  use 
o f  o t h e r  government powers t o  m o b i l i z e  economic ins t ruments  i n  moving 
towards s u s t a i n a b i l i t y ,  and t h e  exe rc i se  o f  i n f l u e n c e  upon t h e  a c t i o n s  o f  
o thers .  Implementat ion i s  b u i l  t on t h e  c r e a t i o n  o f  p r a c t i c a l  solutions 
i n  t h e  area o f  p l ann ing  and management o f  resources ( l e v e l  C). So lu t i ons  
a r e  developed i n  response t o  problems which a r e  known and/or foreseen 
( l e v e l  P) . Here, means t o  scan f o r  s e n s i t i v i t y  t o  unforeseen b u t  impo r tan t  
d i s r u p t i o n s  can a l s o  be addressed. The i d e n t i f i c a t i o n  o f  s p e c i f i c  c u r r e n t  
o r  foreseen problems re1  a t i v e  t o  measures o f  s u s t a i  nabi  1  i ty wi 11 r e q u i r e  t h e  
analysis o f  t r ends  rega rd ing  l a n d  q u a l i t y ,  l a n d  a v a i l a b i l i t y  and l a n d  
use ( l e v e l  E ) .  Th i s  i n v o l v e s  t he  development and a p p l i c a t i o n  o f  p a r t i c u l a r  
a n a l y t i c a l  procedures. These a n a l y t i c a l  procedures, i n  t u r n  have c e r t a i n  
reaui rements f o r  data ( l e v e l  F).  Thus by f o l l o w i n g  t he  l o g i c  downward 
f rom the  s p e c i f i c  goal ,  the  na tu re  o f  da ta  and a n a l y s i s  r e q u i r e d  t o  suppor t  
t he  o b j e c t i v e  becomes more r e a d i l y  d e f i n a b l e .  
Whi le t h e  pyramid i s  defined from the top down, i t  i s  i n  r e a l i t y  
b u i l t  from the base up -- commencing w i t h  da ta  c o l l e c t i o n ,  then 
analyses, and so on. The r a i s o n  d 1 6 t r e  f o r  t h e  pyramid i t s e l f  i s  t h e  cen t re  
b lock  -- t he  existence o f  problems. While we beg in  w i t h  awareness o f  
problems ( d i s c o n t i n u i t i e s )  based on mon i t o r i ng ,  scanning and a n a l y s i s ,  t he  
c o n s t r u c t i o n  o f  t h i s  t ype  o f  s t r a t e g y  i n v o l v e s  focussed data c o l l e c t i o n  and 
a n a l y s i s  which w i l l  address t h e  s p e c i f i c  problems i d e n t i f i e d  o r  a n t i c i p a t e d  
i n  ach iev ing  t h e  o v e r a l l  goal  o f  sus ta i nab i ' l  i t y .  To suppor t  the above 
s t ra tegy ,  much o f  t h e  work would have t o  occur  i n i t i a l l y  a t  t h e  l e v e l  o f  
problem i d e n t i f i c a t i o n ;  t h i s  w i l l  imp l y  t h e  c r e a t i o n  o f  scenar ios,  probable 
o r  poss ib l e ,  which may have s i g n i f i c a n t  impacts on e i t h e r  t h e  resource  
supply  o r  on demands t o  be made on it. 
It should be noted t h a t  a  wide range o f  procedures can be used t o  
c r e a t e  f u t u r e  scenar ios.  These range from s i n g l e  o r  mu1 t i - s e c t o r  
e x t r a p o l a t i o n s ,  and t h e  model 1  i n g  o f  changing r e l a t i o n s h i p s ,  t o  Delph i  
(consensus b u i l d i n g )  techniques. Because t he  range o f  p o s s i b l e  f u t u r e  
demands i s  so broad, i t  w i l l  be e s s e n t i a l  t o  b u i l d  an e v a l u a t i v e  capab i l  i t y  
which can accomodate a  wide range o f  p o t e n t i a l  demands, and deal w i t h  
a l t e r a t i o n s  o r  d i s r u p t i o n s  t o  t he  l a n d  supply.  The i d e n t i f i c a t i o n  o f  
problems ( t h a t  i s ,  unacceptable outcomes) w i l l  n a t u r a l l y  depend on t he  
a b i l i t y  o f  governments and s o c i e t y  t o  c l a r i f y  t h e i r  own d e f i n i t i o n s  o f  
s u s t a i n a b i l  i t y  -- t h e i r  own goa ls  f o r  p roduc t i on  l e v e l s ,  1  i f e s t y l  e, 
popu la t i on  numbers, environmental  qua1 i t y ,  e t c .  The d e c i s i o n  o f  what i s  
d e s i r a b l e  o r  acceptable must precede any d e f i n i t i o n  o f  what i s  t h e r e f o r e  
unacceptabl e. 
It i s  suggested t h a t  t he re  a r e  t h r e e  d i s t i n c t  types o f  problems which 
can a r i s e  i n  t he  face o f  changes i n  t he  l a n d  base supply  ( q u a n t i t y  and 
q u a l i t y )  o r  i n  demands on t h a t  base. These are:  
1. Problems o f  a1 location o f  1  and be tween users and user  
sec to r s  ( e  .g., a g r i c u l  t u r e  o r  wet1 ands, u r b a n i z a t i o n  o f  pr ime 
resource 1  ands) . 
2. Problems o f  management o f  l a n d  once i t  has been a l l o c a t e d  
among sec to r s  ( e  .g . , a g r i c u l  t u r a l  1  and degradat ion,  
t o x i f i c a t i o n ,  con tamina t ion) .  
3 .  Probl  ems o f  external i t i es  o r  i n  t e r s e c t o r a l  impact  i nvol  v i  ng 
d i s r u p t i o n s  caused t o  one user  by o the rs  (e.g., downwind o r  
downstream pol  1  u t i o n )  . 
A l l  t h ree  o f  these types of  problems can be expressed i n  terms o f  a  
supply/demand equat ion  f o r  land.  I n  t he  case o f  a1 l o c a t i o n  problems, t he  
type  o f  i n f o r m a t i o n  necessary f o r  t h e i r  analyses i s  g e n e r a l l y  q u a n t i t a t i v e  
-- r e f e r r i n g  t o  t h e  amount of  l a n d  w i t h  d e f i n a b l e  phys i ca l  c h a r a c t e r i s t i c s  
i n  any p a r t i c u l  a r  1  oca t i on .  With re fe rence  t o  management concerns, data 
requi rements a r e  more l i k e l y  t o  focus on q u a l i t a t i v e  measures -- o f  the  
changes i n  those c h a r a c t e r i s t i c s  which can i n f l u e n c e  t he  p r o d u c t i v i t y  
response f o r  t h e  f u n c t i o n s  f o r  which t he  l a n d  i s  be ing  managed. To deal 
w i t h  i ssues  o f  c o n f l i c t ,  bo th  q u a n t i t a t i v e  and qual i t a t i v e  da ta  on t h e  
a t t r i b u t e s  o f  t h e  phys ica l  base may be r e q u i r e d  as w e l l  as socio-economic 
i n fo rma t i on .  The j u x t a p o s i t i o n  o f  c o n f l  i c t i n g  a c t i v i t i e s  can c r e a t e  
problems which i n f l u e n c e  l a n d  c a p a b i l i t y  f o r  a  range o f  uses. 
The na tu re  o f  i n f o r m a t i o n  ( l e v e l  F o f  t he  pyramid) r e q u i r e d  t o  
address a1 1  t h r e e  o f  these general  types o f  problems can be b r o a d l y  de f i ned  
t o  have t h e  f o l l  owing c h a r a c t e r i s t i c s :  
1. Var i ab les  i d e n t i f y i n g  t h e  q u a n t i t y  o f  l a n d  o f  d i f f e r e n t  types 
and d i f f e r e n t  c a p a b i l i t i e s .  
2. Var i ab les  i d e n t i f y i n g  t he  qual i t y  o f  l a n d  w i t h  r espec t  t o  
c e r t a i n  b i o l o g i c a l  and phys ica l  f a c t o r s .  
3 .  Var i ab les  i d e n t i f y i n g  t he  l o c a t i o n  o f  t he  land .  
4. Var i ab les  i d e n t i f y i n g  t h e  c u r r e n t  p a t t e r n  o f  use o f  t he  land .  
It i s  suggested t h a t  a  s p a t i a l  framework would be t h e  most use fu l  
format  f o r  h o l d i n g  l a n d  data.  I f  t h e  data a r e  i d e n t i f i e d  s p a t i a l l y ,  i t  i s  
p o s s i b l e  t o  es t ima te  t h e  supply  of  l a n d  w i t h  a  de f i ned  s e t  o f  c a p a b i l i t i e s  
i n  any l o c a t i o n .  I n f o r m a t i o n  on demands f o r  l a n d  and f o r  t h e  products  o f  
t h e  l a n d  can then be r e l a t e d  t o  p a r t i c u l a r  s i t e s  o r  p a r t i c u l a r  da ta  u n i t s .  
I f  t h e  i n f o r m a t i o n  can be analyzed s p a t i a l l y ,  t h e  impact  o f  any a l t e r a t i o n s  
i n  t h e  a t t r i b u t e s  o f  t h e  l a n d  base i n  any data u n i t  can be performed. These 
can then  be r e l a t e d  t o  t h e  p r o v i s i o n  o f  environmental  f u n c t i o n s  w i t h i n  each 
da ta  u n i t .  
While t h e  a n a l y s i s  o f  t he  b i ophys i ca l  resource  base es tab l i shes ,  t o  a  
g r e a t  e x t e n t ,  t he  long- te rm c a r r y i n g  c a p a c i t y  o f  t h e  l a n d  base f o r  d i f f e r e n t  
environmental  f u n c t i o n s ,  i n f o r m a t i o n  on t h e  use o f  t he  l a n d  resource i s  a l s o  
p e r t i n e n t .  Th is  "socio-economic" i n f o r m a t i o n  can be used t o  qua1 i fy f u r t h e r  
t h e  a v a i l a b i l  i t y  o f  l a n d  w i t h  d i f f e r e n t  c h a r a c t e r i s t i c s  t o  s a t i s f y  
requirements ( p a r t i c u l a r l y  i n  t h e  s h o r t  and medium te rm) .  Th is  i n f o r m a t i o n  
can a l s o  p rov ide  a  b a s e l i n e  aga ins t  which proposed a l t e r a t i o n s  can be 
measured. Whi le c u r r e n t  l a n d  use p a t t e r n s  a re  a  r e f l e c t i o n  o f  present  and 
p a s t  demands f o r  t h e  p roduc ts  and se rv i ces  o f  t he  l and ,  these p a t t e r n s  may 
r e l a t e  l i t t l e  t o  f u t u r e  demands. Time s e r i e s  ana l ys i s  can pe rm i t  t h e  
e x t r a p o l a t i o n  o f  t rends  i n d i c a t i n g  poss ib l e  f u t u r e  scenar ios b u t  t h i s  i s  
o n l y  one way o f  e s t i m a t i n g  f u t u r e  l a n d  use pa t t e rns .  It may be more l o g i c a l  
t o  t r e a t  t h e  c u r r e n t  b i o p h y s i c a l  and socio-economic determinants  o f  l a n d  use 
as p o t e n t i a l  1  i m i t i n g  o r  f a c i l i t a t i n g  f a c t o r s  t o  t h e  a b i l i t y  o f  t h e  
environmental  resource  t o  serve f u t u r e  demands (Manning, 1985, 1986b). I f  
t h e  i n f o r m a t i o n  on l a n d  use determinants  i s  handled i n  t h i s  fash ion ,  and i f  
data  on t he  key determinants  can be h e l d  i n  a  s p a t i a l l y  compat ib le  form, i t  
becomes p o s s i b l e  t o  t e s t  f u t u r e  scenar ios (however devel oped) f o r  
s u s t a i n a b i l  i t y ,  r e l a t i v e  t o  t h e  c h a r a c t e r i s t i c s  o f  t he  l a n d  base i n  each 
data u n i t .  
3. Key Bio~hvsical Variables 
I f  we accept  a  supply/demand framework w i t h i n  which t o  analyze 
European environmental  f u t u r e s ,  t h e  s e l e c t i o n  o f  b i ophys i ca l  v a r i a b l e s  can 
be focussed on those which e i t h e r  ( 1 )  d i r e c t l y  affect  the capabflity of 
the land base t o  serve env i ronmenta l  f u n c t i o n s  va l  ued by soc ie ty ,  o r  ( 2 )  
serve as indicators o f  t h i s  r e l a t i o n s h i p .  The work o f  deGroot (1986, 
1987), Adamus and Stockwel l  (1983) and o the rs  has advanced t h e  
i d e n t i f i c a t i o n  o f  t he  s p e c i f i c  environmental  f u n c t i o n s  served b y  t he  1  and 
base. P a r t  o f  t h e  problem i s  t h e  s e l e c t i o n  f rom among these f unc t i ons ,  
those which a re  most c e n t r a l  t o  t h e  o b j e c t i v e s  o f  s o c i e t y  as t hey  r e l a t e  t o  
sus ta i nab le  use o f  l and .  I n  h i s  1986 paper, deGroot has i d e n t i f i e d  a  very  
wide range o f  r e g u l a t o r y ,  c a r r i e r ,  p roduc t i on  and i n f o r m a t i o n  f u n c t i o n s  o f  
t h e  na tu ra l  environment.  He has noted t h a t  t h e  f u n c t i o n s  p rov ided  by t he  
environmental  base serve p a r t i c u l a r  human values, f o r  example, p roduc t i on  o f  
food, o r  o f  m inera ls ,  o r  p r o v i s i o n  o f  i n f o r m a t i o n  o r  space, o r  b u f f e r i n g  o f  
t o x i c s .  Some o f  these env i ronmenta l  f u n c t i o n s  a r e  ve ry  d i f f i c u l t  t o  
eva lua te  because t he  l i n k a g e s  between t he  p r o v i s i o n  o f  f u n c t i o n s  and t he  
market  p lace  a r e  ve ry  i n d i r e c t  o r  complex (e.g., a e s t h e t i c s ) .  I n  o t h e r  
cases, l i n k s  such as those between some o f  t he  p roduc t i on  f u n c t i o n s  and 
marketab le  commodit ies a r e  ve ry  d i r e c t  and make f o r  e a s i e r  measurement 
(e.g., f o r e s t  p roduc ts ) .  The s e l e c t i o n  o f  which b i ophys i ca l  v a r i a b l e s  t o  
use w i l l  t h e r e f o r e  be dependent bo th  on ( 1 )  t h e  p a r t i c u l a r  environmental  
f u n c t i o n s  which a re  c r i t i c a l  t o  suppor t ing  p roduc t i on  and environmental  
q u a l i t y  i n  Europe (and t he re fo re  based upon which f u n c t i o n s  a r e  seen as most 
impo r tan t  by Europeans and t h e i r  governments) and ( 2 )  data  a v a i l  a b i l  i ty 
r ega rd ing  t h e  env i ronment ' s  c a p a b i l i t y  t o  suppor t  these f unc t i ons .  
I d e a l l y ,  comprehensive data se ts  c o v e r i n g  a1 1  o f  t h e  chemical , 
c l  i m a t i c  and phys i ca l  parameters which c o r r e l a t e  we1 1  w i t h  p r o d u c t i v i t y  f o r  
each of t he  f u n c t i o n s  would be developed -- b u t  these a re  imposs ib l y  complex 
and expensive. There fo re  i t  may be wise t o  s e l e c t  a  s p e c i f i c  measurable 
v a r i a b l e  which r e l a t e s  b e s t  t o  productivity for key natural resource 
products and o the rs  which r e l a t e  t o  key measures o f  environmental 
quality a f f e c t i n g  human h e a l t h  o r  o v e r a l l  u s a b i l  i ty o f  t he  environment.  
L i s t e d  i n  F igu re  2 a r e  r e p r e s e n t a t i v e  environmental  v a r i a b l e s  which 
would prove useful  i n  assess ing bo th  gradual  changes i n  supplyldemand 
r e l a t i o n s h i p s  f o r  t he  l a n d  resource and t h e  e v a l u a t i n g  impact  o f  s u r p r i s e  
d is tu rbances .  These v a r i a b l e s  have t he  f o l l  owing c h a r a c t e r i s t i c s :  
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NOTES 
Demand scenar ios a re  independent l y  developed by a range o f  means 
i n c l  ud ing p r o j e c t i o n ,  o t h e r  model s, Del ph i ,  po l  i c y  goals ,  e t c .  
S e l e c t i o n  o f  s p e c i f i c  v a r i a b l e s  w i l l  depend on p r i o r i t i e s  e s t a b l  i shed  
among va l  ued env i ronmenta l  f unc t i ons .  
1. They have known r e l a t i o n s h i p s  t o  p r o d u c t i v i t y  f o r  key 
environmental  p roduc ts  o r  f u n c t i o n s  ( s p e c i f i c  c rop  p r o d u c t i v i t y  
responses, s p e c i f i c  measures o f  f o r e s t  p r o d u c t i v i t y ,  o r  s p e c i f i c  
measures o f  t h e  u t i l i t y  o f  t he  environment f o r  key p roduc ts  o r  
se rv i ces  va l  ued by s o c i e t y ) .  
2. They can be measured on a  c o n s i s t e n t  b a s i s  b o t h  s p a t i a l l y  and 
over  t ime.  
3. Scenarios can be es tab l i shed  wherein these v a r i a b l e s  ( e i t h e r  i n  
q u a n t i t y  o r  aual i t y )  a re  a1 t e r e d  by phys i ca l  changes, by human 
a c t i v i t y  o r  by s u r p r i s e  events.  
4. A Canadian Approach 
The Canadian exper ience i n  deal i n g  w i t h  n a t i o n a l  - l e v e l  data bases 
p rov ides  c e r t a i n  lessons rega rd ing  m u l t i - s e c t o r a l  data use a t  a  c o n t i n e n t a l  
sca le .  Whi le b a s e l i n e  i n fo rma t i on  f o r  such f a c t o r s  as s o i l  types 
(nomenclature c l a s s i f i c a t i o n )  , geo log i ca l  and topographic  maps, and c l  i m a t i c  
i n f o r m a t i o n  has been i n  ex i s tence  f o r  severa l  decades, e x i s t i n g  bases have 
proven ve ry  d i f f i c u l t  t o  use w i t h i n  a  framework assess in^ t h e  a b i l i t y  o f  t h e  
resource base t o  serve changing demands. Dur ing  t h e  1960s, e f f o r t s  were 
spent t o  syn thes ize  a  g r e a t  deal  o f  e x i s t i n g  b i ophys i ca l  i n f o r m a t i o n  i n t o  
s p a t i a l  u n i t s  t h a t  cou ld  be analyzed t o  h e l p  t a r g e t  economic development 
investments t o  areas where t h e  r e t u r n  would l i k e l y  be g rea tes t .  Therefore,  
c l  i m a t i c  i n f o r m a t i o n  (g row ing  degree days, r a i n f a l l  , f r o s t  f r e e  per iods ,  
snow cover )  and phys i ca l  data (such v a r i a b l e s  as slope, bedrock, s o i l  type, 
o r  s a l i n i t y )  were i n t e g r a t e d  i n t o  a  n a t i o n a l  l a n d  i n v e n t o r y  (Canada Land 
I nven to ry )  by s e c t o r  o f  resource capab i l  i t y  (Munn, 1986; Environment Canada, 
1970, 1976). For  each of t h e  sec to rs  o f  a g r i c u l t u r e ,  f o r e s t r y ,  r e c r e a t i o n  
and w i l  d l  i fe ,  a  seven-1 eve1 c l a s s i f i c a t i o n  was developed re1  a t i v e  t o  
general  i z e d  p roduc t i on  capab i l  i ty.  Thus Class 1 l a n d  had no 1  i m i t a t i o n s  
f o r  p r o d u c t i v i t y  f o r  t h e  p a r t i c u l a r  sec to r ,  Class 4 had moderate 1  i m i t a t i o n s  
and Class 7  had no c a p a b i l i t y  whatsoever. Th is  was t he  f i r s t  a t tempt  t o  
draw toge the r  a  broad n a t i o n a l  data base t o  i n f l u e n c e  t h e  p l ann ing  process. 
Some 25 years  l a t e r ,  u n f o r t u n a t e l y ,  c e r t a i n  a t t r i b u t e s  o f  t h a t  da ta  base 
have made i t  i n a p p r o p r i a t e  f o r  t h e  i d e n t i f i c a t i o n  o f  changes i n  t h e  phys ica l  
1  and base (see Manning, 1986a). Because mu1 t i v a r i a t e  data were synthes ized 
t o  produce p lann ing - l eve l  i n f o rma t i on ,  d isaggrega t ion  t o  pe rm i t  measurement 
o f  change i n  any one o f  t h e  v a r i a b l e s  which caused i t  t o  be c lassed  h i g h  o r  
l ow  i s  ve ry  d i f f i c u l t .  Whi le c e r t a i n  r e l a t i o n s h i p s  a r e  known between 
p r o d u c t i v i t y  and l a n d  c a p a b i l i t y  (e.g., r y e  grass p roduc t i on  on Class 1 l a n d  
has proven t o  be approx imate ly  double t h a t  o f  s i m i l a r l y  managed r y e  grass on 
Class 4 l a n d ) ,  more s o p h i s t i c a t e d  a n a l y s i s  us i ng  these  da ta  has n o t  been 
poss ib l e .  Whi le i n t e r s e c t o r a l  t r a d e - o f f s  between 1  and o f  h i g h  capab i l  i ty 
f o r  one use versus another  can be por t rayed ,  t h e  p r o d u c t i v i t y  i m p l i c a t i o n s  
o f  1  and a l l o c a t i o n  dec i s i ons  a re  ve ry  hard t o  analyze us ing  t h i s  t ype  o f  
o r d i n a l  data.  Ana lys is  o f  impacts o f  l a n d  degradat ion o r  c l i m a t i c  change 
f a l l  o u t s i d e  t h e  range o f  a p p l i c a t i o n  o f  i n f o r m a t i o n  h e l d  i n  aggregated 
c l a s s i f i c a t i o n s .  
Because o f  problems i n  a n a l y t i c a l  a p p l i c a t i o n  o f  c u r r e n t  data,  a  new 
i n i t i a t i v e  was mounted i n  t h e  l a t e  1970s t o  develop eco log i ca l l y -based  
s p a t i a l  u n i t s  where data would be he ld  on key b i ophys i ca l  v a r i a b l e s .  
Measures o f  s o i l  chemist ry ,  key c l i m a t i c  v a r i a b l e s  (such as l e n g t h  o f  
growing season, p r e c i p i t a t i o n ,  and degree days) and key phys i ca l  parameters 
(such as depth t o  bedrock, s o i l  t e x t u r e ,  o rgan i c  con ten t ,  e t c . )  were 
c o l l e c t e d  f o r  each u n i t .  There have been c e r t a i n  problems i n  o b t a i n i n g  
homogeneity w i t h i n  t h e  u n i t s  and i n  making c e r t a i n  t h a t  t h e  manner o f  
h o l d i n g  o f  v a r i a b l e s  op t im izes  t h e i r  u n i t y .  Nevertheless, these " s o i l  
landscape u n i t s "  p rov ide  a  base1 i n e  f o r  change measurement f o r  i n d i v i d u a l  
b i ophys i ca l  v a r i a b l e s  (Coote and Sh ie l  ds, fo r thcoming) .  Because t he  
r e g i o n a l i z a t i o n  has been done on a  m u l t i v a r i a t e  bas i s ,  o t h e r  v a r i a b l e s  can, 
more o r  l e s s ,  be he ld  cons tan t .  Work i s  now under way t o  develop e m p i r i c a l  
data on p roduc t i v i t y - r esponse  f o r  impo r tan t  crops i n  response t o  changes i n  
b i ophys i ca l  v a r i a b l e s  w i t h i n  each o f  t h e  s p a t i a l  u n i t s .  One o f  t h e  lessons  
o f  t h i s  exe rc i se  i s  t h a t  t h e  v a r i a b l e s  which a r e  most impo r tan t  may 
vary  i n  importance f rom zone t o  zone o r  f rom c rop  t o  crop,  b u t  across most 
a g r i c u l  t u r a l  products  ( f o o d  crops, g ra ins ,  fodder  c rops)  t h e  same v a r i a b l e s  
a re  p e r t i n e n t  i n  de te rmin ing  p r o d u c t i v i t y  response. Because of t h e  na tu re  
o f  t he  v a r i a b l e s  used ( seve ra l  c l  i m a t i c  va r i ab les ,  s o i l  depth, s o i l  
f e r t i l i t y ,  a c i d i t y ,  l e v e l s  o f  sa l  i n i z a t i o n ,  measures o f  wetness), i t  seems 
reasonable t h a t  these same v a r i a b l e s  cou ld  be o f  cons iderab le  use i n  t he  
mode l l i ng  o f  f o r e s t  c r o p  p r o d u c t i v i t y .  Along w i t h  a  ve ry  few o t h e r  
va r i ab les ,  t he  u t i l i t y  o f  t h e  l a n d  resource f o r  d i f f e r e n t  types o f  w i l d 1  i f e  
p roduc t ion ,  c e r t a i n  r e c r e a t i o n a l  p u r s u i t s ,  and severa l  o t h e r  va lued 
f u n c t i o n s  o f  t he  environment cou ld  be modelled. What would be r e q u i r e d  
however, would be t h e  emp i r i ca l  development o f  p roduc t i v i t y - r esponse  
re1  a t i o n s h i p s  w i t h i n  each o f  t he  general  b i ophys i ca l  zones f o r  t he  most 
impo r tan t  f u n c t i o n s  ( produc ts ) .  The a d d i t i o n  o f  c e r t a i n  measures o f  
t o x i c i t y  o r  c e r t a i n  i n d i c a t o r  chemica ls  a t  t he  same sca le  m i g h t  a1 so be o f  
cons iderab le  ass is tance  i n  p r o j e c t i n g  o r  p r e d i c t i n g  environmental  
s u i t a b i l i t y  f o r  o t h e r  p r o d ~ ~ c t i o n  o r  l i f e - s u p p o r t  f unc t i ons .  The f u r t h e r  
a d d i t i o n  o f  l a n d  use i n f o r m a t i o n  f o r  t he  same s p a t i a l  u n i t s  would a l l o w  
es t imates  o f  remain ing reserve  capab i l  i ty, i d e n t i f i c a t i o n  o f  some b a r r i e r s  
t o  change i n  use, and would a l l o w  minimum change responses t o  be es t imated  
f o r  t he  achievement o f  p a r t i c u l a r  p roduc t ion  goals.  
I have i n d i c a t e d  above, based on a  Canadian exper ience, some of t h e  
key cons ide ra t i ons  i n  t h e  cho i ce  o f  v a r i a b l e s  which a re  most impo r tan t  t o  
t h e  development o f  an ope ra t i ona l  means o f  understanding what happens t o  t he  
a b i l  i t y  o f  t h e  environment t o  serve c r i t i c a l  s o c i e t a l  f u n c t i o n s  under 
changed circumstances. We can s imu la te  o r  suggest c e r t a i n  changes i n  
i n d i v i d u a l  , b iophys i ca l  v a r i a b l e s  based upon poss ib l e  scenar ios o f  f u t u r e  
macro- level  changes. It i s  poss ib l e  t o  i s o l a t e  t h e  p o t e n t i a l  impact  o f  a  
broad ( f o r  example, c l  i m a t i c )  change down t o  t h e  p o i n t  where i t  can be shown 
t o  a l t e r  t h e  a t t r i b u t e s  of  p a r t i c u l a r  s i t e s  o r  reg ions .  Knowledge o f  t h e  
p r o d u c t i v i t y  response of key environmental  f u n c t i o n s  t o  changes i n  such 
f a c t o r s  as l e n g t h  of  growing season o r  p r e c i p i t a t i o n  t h e r e f o r e  would 
pe rm i t  us t o  es t ima te  l i k e l y  a l t e r a t i o n s  i n  t h e  a b i l i t y  o f  each da ta  u n i t  t o  
suppor t  a  p a r t i c u l a r  c r o p  o r  f unc t i on .  While the  cho ice  o f  which 
b i ophys i ca l  v a r i a b l e s  a re  t o  be c o l l e c t e d  w i l l  be a  r e s u l t  o f  which 
environmental  f unc t i ons  a r e  deemed t o  be most impor tan t ,  c e r t a i n  
commonal i t ies a r e  c l e a r .  A t  a  bare minimum, t h e  base v a r i a b l e s  would have 
t o  i nc l ude :  amount o f  p r e c i p i t a t i o n ,  some measures o f  growing season, and 
s o i l  q u a l i t y  -- p a r t i c u l a r l y  q u a n t i t a t i v e  v a r i a b l e s  such as depth o f  s o i l ,  
pH, o t h e r  chemical i n d i c a t o r s ,  measures o f  phys ica l  c a p a c i t y  such as slope, 
wetness, dra inage s u s c e p t i b i l i t y  t o  e ros ion ,  e t c .  I f  broader-der ived 
i n d i c a t o r s  o f  c a p a b i l i t y  f o r  impo r tan t  f u n c t i o n s  such as c rop  p r o d u c t i v i t y  
p o t e n t i a l  can a l s o  be ob ta ined  a t  an app rop r i a te  sca le ,  these t o o  would be 
o f  g r e a t  u t i l i t y ,  p a r t i c u l a r l y  i f  they  have been de r i ved  f r o n  known 
r e l a t i o n s h i p s  t o  these v a r i a b l e s .  The b iophys i ca l  v a r i a b l e s  w i l l  a s s i s t  i n  
d e f i n i n g  t he  o p p o r t u n i t i e s  and c o n s t r a i n t s  o f  t he  environmental  resource 
base a t  any p o i n t  i n  t ime. Representat ive v a r i a b l e s  a re  po r t r ayed  i n  
F igu re  3. The more v a r i a b l e s  which a re  he ld ,  the  g r e a t e r  v e r s a t i l i t y  o f  t h e  
system t o  handle an unforeseen range o f  changes which may i n v o l v e  new 
substances o r  new phenomena. Set aga ins t  t h i s  i s  t he  increased c o s t  and 
complex i t y  o f  a n a l y s i s  which a d d i t i o n a l  v a r i a b l e s  n e c e s s a r i l y  c rea te .  Based 
upon t h e  v a r i a b l e s  h e l d  i n  t h e  system, and t he  known r e l a t i o n s h i p s  between 
t he  range of environmental  uses o r  func t ions  and these v a r i a b l e s ,  i t  becomes 
p o s s i b l e  t o  a d j u s t  t he  es t imates  o f  c a r r y i n g  c a p a c i t y  o f  each p a r t  o f  the  
l a n d  resource base under any scenar io  i n v o l v i n g  changes i n  t h e  b i ophys i ca l  
base. The o u t l i n e  o f  an e x i s t i n g  mode l l i ng  procedure which cou ld  a i d  i n  
ach iev ing  t h i s  o b j e c t i v e  i s  i n  p a r t  8 o f  t h i s  paper. 
FIGURE 3 
THE DETERMINANTS OF LAND SUPPLY AND DEMAND 
REPRESENTATIVE 
DETERMINANTS OF LAND SUPPLY 
( L i m i t s ,  o p p o r t u n i t i e s )  
A. Biophysical  (eco log i ca l  ) 
(These determine the  a b i l i t y  o f  
t h e  l and  t o  serve func t i ons ) .  
" Climate -- growing degree days, 
f r o s t  f r e e  days, p r e c i p i t a t i o n ,  
photo per iod,  e t c .  
" Topography -- slope, aspect, e t c .  
" S o i l s  -- depth, chemical 
composit ion, organic con ten t  , 
e r o d i b i l i t y ,  e t c .  
" Current  s t a t e  o f  l and  resource 
(eroded, sa l i n i zed ,  e tc . )  
B. Spat ia l  I 
" Locat ion,  r e l a t i v e  l o c a t i o n  
" Fragmentation 
C. Socio-economic 
(These a f f e c t  the  shor t - te rm 
a b i l  i t y  t o  respond). 
" Land -- proper ty  s ize ,  f i e l d  s ize ,  
tenure,  c u r r e n t  val  ue 
" Labour -- age s t r u c t u r e ,  education, 
s k i l l s ,  expectat ions,  p r o d u c t i v i t y  
" Cap i ta l  -- income, c r e d i t  l e v e l s ,  
mechanizat ion, e t c .  
" Management -- know1 edge, techno1 ogy , 
adaptab i l  i ty 
D. Pol i t i c a l / I n s t i t u t i o n a l  
(These c o n s t i t u t e  imposed 1  i m i  t s  o r  
o p p o r t u n i t i e s  t o  supply) .  
" Pol i t i c a l  , i n s t i t u t i o n a l  boundaries, 
subs id ies  
" Renewal s, des ignat ions  -- m i l  i t a r y ,  
s i n g l e  purpose (e.g., parks, e t c . )  
" R e s t r i c t i v e  p o l i c i e s  -- (e.g., zoning, 
regu la ted  a c t i v i t i e s )  
REPRESENTATIVE 
DETERMINANTS OF LAND DEHAND 
A. Economic 
(These i n f l  uence the  general market 
demand f o r  products o f  the  l a n d ) .  
" Sectoral  demands f o r  products 
( food,  f i b r e )  
" Demands f o r  space f o r  s p e c i f i c  
valued func t i ons  (e.g., hunt ing  
rec rea t i on ,  residence, f a c t o r i e s )  
6. Socia l  
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" Changing percept ions  o f  bas ic  
1  i f e s t y l e  requirements (e.g., 
housing, rec rea t i ona l  demand) 
" Changing demands f o r  environmental 
qual i t y  (e.g., t o x i c s ,  space) 
" Demands f o r  qual i ty o f  1  i f e  
C. P o l i c y  
-
( S p e c i f i c  demands can be es tab l  i shed 
through government pol  i c y )  e  .g . , 
conservat ion  s t r a t e g i e s ,  5-year p lans,  
sec to ra l  goal s, support  programs. 
5. Key Socio-Econonic Variables -- A Second Level o f  Opportunities,and 
Constraints 
Were t h e  l a n d  resource base a  c lean  s l a t e ,  t he  d e f i n i t i o n  o f  c a r r y i n g  
c a p a c i t y  i n  terms o f  b i ophys i ca l  v a r i a b l e s  would d e f i n e  t h e  o v e r a l l  
o p p o r t u n i t i e s  and c o n s t r a i n t s  t o  change. Cur ren t  and h i s t o r i c  human 
occupance, however, p rov ide  y e t  another l a y e r  o f  o p p o r t u n i t i e s  and 
c o n s t r a i n t s  t o  l a n d  use. 'These socio-economic f a c t o r s  a r e  impo r tan t  t o  
s o c i e t y ' s  o r  government's a b i  1  i ty t o  a d j u s t  1  and a1 1  o c a t i o n  and management, 
g i ven  new goa ls  o r  o p p o r t u n i t i e s  o r  a  changed b i o p h y s i c a l  base. The 
s i t u a t i o n  w i t h  r espec t  t o  t h e  socio-economic v a r i a b l e s  which w i l l  i n f l u e n c e  
s o c i e t a l  response t o  f u t u r e  b i ophys i ca l  o r  p o l i t i c a l  scenar ios i s  a t  l e a s t  
as complex as t he  mu1 t i t u d e  o f  b i ophys i ca l  v a r i a b l e s .  It i s  use fu l  t o  
d i v i d e  these socio-economic f a c t o r s  i n t o  two groups -- one p e r t a i n i n g  t o  t he  
l a n d  i t s e l f  and another  p e r t a i n i n g  t o  c u r r e n t  users  and owners o f  t h e  land .  
No m a t t e r  what t he  i n s t i t u t i o n a l  system, the  u l  t ima te  de l  i v e r y  o f  human 
response t o  changing env i ronmenta l ,  economic o r  s o c i a l  s i t u a t i o n s  i s  through 
t h e  i n d i v i d u a l  , i n f l  uenced t o  va ry i ng  degrees by  those i n s t i t u t i o n s .  
a) Current Land Use Patterns as Constraints and Opportunities 
The f o l l o w i n g  d i scuss ion  o f  t he  c h a r a c t e r i s t i c s  o f  p resen t  use and 
users which l i m i t  f u t u r e  c a p a b i l i t y  i s  based p r i m a r i l y  upon work f rom New 
Zealand (Manning, 1972) and Nor th  America ( B e a t t i e  e t  a1 ., 1981; McCuaig and 
Manning, 1982). Th i s  research i n d i c a t e s  t he  range o f  v a r i a b l e s  w i t h  r espec t  
t o  i n d i v i d u a l s  and p r o p e r t y  t h a t  a r e  impo r tan t  i n  i n f l u e n c i n g  i n d i v i d u a l  
a b i l i t i e s  t o  respond t o  s t i m u l i  t o  a l t e r  l a n d  use. Work on European 
exper ience i s  a l s o  g e n e r a l l y  suppo r t i ve  o f  these f a c t o r s  (e.g., F r a n k l i n ,  
1969; Galesk i  and W i l  kening, 1987). 
As w i t h  t he  b i ophys i ca l  va r i ab les ,  i t  w i l l  be impo r tan t  t o  1  i m i t  t he  
s e l e c t i o n  o f  socio-economic f a c t o r s  con ta ined  i n  any m o n i t o r i n g  program o r  
mode l l i ng  exerc ise .  I f  we r e t u r n  t o  t h e  concept of  environmental  f unc t i ons ,  
i t  becomes e a s i e r  t o  see t h a t  some o f  t he  func t ions  can be af fected by 
changes i n  b i ophys i ca l  f a c t o r s .  Bu t  t he  r e a c t i o n s  t o  them occur  through 
i n d i v i d u a l s .  Most food and f i b r e  p roduc t i on  f u n c t i o n s  occur  o n l y  through 
s p e c i f i c  a c t i o n s  by p r o p e r t y  owners o r  users. R e a l i z a t i o n  o f  o t h e r  
f u n c t i o n s  (e.g., h a b i t a t  maintenance o r  gene t i c  d i v e r s i t y ) ,  i s  l e s s  d i r e c t l y  
cons t ra ined  o r  d i r e c t e d  by  socio-economic f a c t o r s .  With respec t  t o  t he  l a n d  
i t s e l f ,  severa l  v a r i a b l e s  r e l a t e d  t o  l a n d  ho ld i ngs  a re  impor tan t .  The most 
obv ious i s  t h a t  o f  p r o p e r t y  s i z e  which i s  a  f u n c t i o n  o f  f ragmenta t ion  and/or 
tenure.  The s p e c i f i c  v a r i a b l e s  d iscovered i n  Canadian and New Zealand 
s t u d i e s  t o  be impo r tan t  t o  t he  d e c i s i o n  process i n  response t o  e x t e r n a l  
environmental  o r  economic s t i m u l  i were t he  f o l  1  owing : 
Proper ty  s i ze .  
Level o f  f ragmenta t ion  of  p rope r t y  ho ld ings .  
Shape o f  p rope r t y .  
Dis tance o f  p r o p e r t y  f rom home o f  owner/manager. 
Tenure -- owned o r  leased, o r  o t h e r  encumbrances. 
Length o f  tenure  ( p a r t i c u l a r l y  w i t h  r espec t  t o  leaseho ld  o r  
u s u f r u c t  arrangements).  
Present  l e v e l  o f  i n f r a s t r u c t u r e .  
Level o f  c a p i t a l  i za t ion /deb t .  
Land value. 
The f i r s t  f o u r  a re  c h a r a c t e r i s t i c s  o f  t he  p r o p e r t i e s  themselves. The l a t t e r  
a r e  c h a r a c t e r i s t i c s  o f  t h e  ownership arrangements. The v a r i a b l e s  r e l a t i n g  
t o  t h e  s ize ,  shape o r  f ragmentat ion o f  p rope r t y  re1 a t e  ve ry  we1 1  t o  t he  
a b i l i t y  of  producers t o  adapt  t o  changing economic o r  environmental  
s i t u a t i o n s .  Larger  p r o p e r t y  u n i t s  a r e  more v e r s a t i l e  and open t o  f a i r l y  
r a p i d  change whereas more fragmented p a t t e r n s  can p rov ide  severe 1  o g i  s t i c a l  
problems. It i s  c l e a r  t h a t  i n  o r d e r  t o  temper any b iophys ica l l y -based  
suppl yldemand model 1  i ng procedures, v a r i a b l e s  on t h e  ava i  1  a b i  1  i ty  o f  1  and 
must a1 so i n c l u d e  s i z e  o f  p rope r t y  and f ragmentat ion.  Tenure i s  a  f u r t h e r  
c o n s t r a i n t  o r  f a c i l i t a t i n g  mechanism t o  a c t i o n  and da ta  should p robab ly  a l s o  
be h e l d  on t h i s  v a r i a b l e .  For example, shor t - te rm l e a s i n g  arrangements a re  
n o t  conducive t o  long- term investments  i n  sus ta i nab le  s o i l  management o r  i n  
p roduc ts  whose va lue  w i l l  n o t  be r e a l i z e d  f o r  decades. The n a t u r e  of these 
p rope r t y  v a r i a b l e s ,  however, i s  t h a t  they  u s u a l l y  a re  n o t  r e g i o n a l l y  
homogeneous and dec i s i ons  w i l l  have t o  be taken rega rd ing  t he  way i n  which 
t he  i n f o r m a t i o n  i s  he ld .  Mean s i z e  o f  p roper ty ,  f o r  example, may be a  very  
meaningful  v a r i a b l e  i n  r eg ions  where p rope r t y  s i zes  a re  r e l a t i v e l y  
homogeneous. I n  areas o f  extreme v a r i a t i o n s  i t  can be very  m is lead ing ,  
p a r t i c u l a r l y  i n  terms o f  t he  a b i l i t y  o f  t h e  l a n d  t o  adapt t o  changing 
economic o r  b i ophys i ca l  c i rcumstances. 
One s i g n i f i c a n t  socio-economic v a r i a b l e  of cons iderab le  importance i n  
s h o r t  t o  medium-term response t o  t h e  need t o  a l t e r  l a n d  use i s  t h a t  o f  
dedicated l a n d  areas. Many governments have made major  s u b t r a c t i o n s  f rom 
t h e  l a n d  base o f  t h e i r  n a t i o n s  t o  serve s p e c i f i c  f u n c t i o n s  such as s e c u r i t y  
( m i l  i t a r y  bases), pub1 i c  r e c r e a t i o n  (pa rks ) ,  water  supply ( r e s e r v o i r s ) ,  
f l o o d  p r o t e c t i o n  ( f l o o d  p lans ) ,  o r  w i l d l  i f e  reserves.  These areas are,  f o r  
most purposes, no l o n g e r  a v a i l a b l e  t o  serve most o the r  f u n c t i o n s  ( h a b i t a t ,  
b u f f e r i n g  and w i l d l  i f e  p roduc t i on  a re  no tab le  excep t ions)  and should 
p robab ly  be cons idered o u t s i d e  t he  l a n d  base f o r  most p roduc t i on - re l a ted  
scenar ios.  Even so, under major  d i s t o r t i o n s ,  o r  extreme s t ress ,  these 
b a r r i e r s  t o  change can a l s o  disappear.  
b) Characteristics o f  the Individual Owner or  User 
Empi r i ca l  research on t he  determinants  o f  l a n d  use has i d e n t i f i e d  
t h e  importance o f  l andho lde r  c h a r a c t e r i s t i c s  because they  a f f e c t  t he  a b i l i t y  
o f  land-us ing  systems t o  respond t o  needs t o  change (Manning, 1972; Mandale, 
1984). What i s  becoming i n c r e a s i n g l y  c l e a r  i s  t h a t  i n d i v i d u a l  owners o r  
managers o f  l a n d  resources va ry  g r e a t l y  i n  t h e i r  a b i l i t y  o r  w i l l i n g n e s s  t o  
undertake changes. Re1 a t i  ve t o  con t i nen ta l  -sca l  e  requi rements t o  make 
fundamental changes t o  t h e  way i n  which l a n d  i s  used, t h i s  f a c t o r  may be 
ve ry  temporal .  A t  l e a s t  i n  t he  s h o r t  and medium term, however, i t  i s  ve ry  
impor tan t ,  because i t  i n f l u e n c e s  t h e  na tu re  and pace o f  response. It i s  
c l e a r  t h a t  many i n d i v i d u a l  f a c t o r s  r e l a t i n g  t o  the  s t r u c t u r e  o f  ownership o r  
management o f  t h e  l a n d  resource and r e l a t i n g  t o  t h e  i n d i v i d u a l  
decis ion-maker a r e  impor tan t .  It i s  use fu l  t o  c h a r a c t e r i z e  t he  f a c t o r s  i n t o  
those i n f l  uencing w i l l  ingness t o  change and those i n f l u e n c i n g  a b i l  i ty t o  
accommodate t he  need f o r  change. 
I n  t he  Nor th  American s i t u a t i o n  (McCuaig and Manning, 1982), a  model 
was p u t  forward i d e n t i f y i n g  severa l  f a c t o r s  as c r i t i c a l  t o  t he  w i l l i n g n e s s  
o r  a b i l  i ty  o f  i n d i v i d u a l  s  t o  change l a n d  use o r  management, g i ven  t he  
requi rement  t o  do so due t o  economic o r  p o l i c y  s t i m u l i .  Th is  model i s  shown 
as F i g u r e  4. It i s  suggested t h a t  t he  same i n d i v i d u a l  c h a r a c t e r i s t i c s  shown 
i n  t h i s  model w i l l  o f t e n  be o p e r a t i v e  as f i l t e r s  t o  i n d i v i d u a l  response t o  
major  b i ophys i ca l  changes, p a r t i c u l a r l y  those which occur  over  s h o r t  
per iods .  S p e c i f i c  f a c t o r s  found t o  be impor tan t  i n c l u d e  age, l e v e l  o f  
educat ion,  l e v e l  o f  c a p i t a l  i z a t i o n  and a s p i r a t i o n s  o f  t h e  landho lder .  While 
i t  would be very  d i f f i c u l t  t o  model t h i s  t ype  o f  i n f o r m a t i o n  a t  a  
c o n t i n e n t a l  sca le ,  p a r t i c u l a r l y  as i t  i s  ve ry  i n d i v i d u a l  , broad 
g e n e r a l i z a t i o n s  rega rd ing  t h e  na tu re  o f  t h e  popu la t i on  i n  g iven  areas c o u l d  
be o f  use as a  f i l t e r  i n  t h e  assessment o f  scenar ios developed through t he  
more b iophys ica l l y -based  supply/demand mode l l i ng .  Th i s  socio-economic 
f i l t e r  would be appl i e d  t o  t h e  supply/demand model as a  f u r t h e r  s tep  i n  
eva l  u a t i n g  t h e  p r a c t i c a l  i t y  o f  po l  i c y  responses. 
FIGURE 4 
The Decision Process for Rural Land Use Change: A Simple Model 
Source: McCuaig and Manning 
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Some s p e c i f i c  areas where i n f o r m a t i o n  would be o f  p a r t i c u l a r  use i n  
eva l  u a t i n g  t he  p r a c t i c a l  i t y  o f  s p e c i f i c  pol  i c i e s  i n  g i ven  s i t u a t i o n s  are t h e  
f o l l o w i n g :  
1. Leve ls  o f  Educat ion. It would be use fu l  t o  e s t a b l i s h  b a s e l i n e  
i n f o r m a t i o n  rega rd ing  t he  general  l e v e l  o f  t e c h n i c a l  educat ion o f  l a n d  
managers/owners r e l a t i v e  t o  c rop  p roduc t ion  o r  o t h e r  types o f  l a n d  
management. More educated managers a re  more l i k e l y  t o  be w i l l i n g  and ab le  
t o  adopt i n n o v a t i v e  techno1 ogy o r  d i f f e r e n t  crops/uses more q u i c k l y  than 
those w i t h  l e s s  t r a i n i n g  i n  l a n d  management. Data on t h i s  would a l l o w  
general  eval  u a t i o n  o r  assessment o f  any r e s u l  t h e a v i l y  dependent upon 
r a p i d  a1 t e r a t i o n s  by  i n d i v i d u a l  p rope r t y  o r  users.  
Age. I n  general  , age s t r u c t u r e  o r  as an a1 t e r n a t i v e ,  f a m i l y  s t r u c t u r e  o f  
-
t he  landho lders  o r  users  i s  p e r t i n e n t  i n  terms o f  t he  a b i l i t y  and 
w i l l i n g n e s s  t o  respond t o  t he  need f o r  changes. I n  genera l ,  t he  na tu re  o f  
response r e l a t e s  very  w e l l  t o  t he  l e v e l  o f  c o n t i n u i t y  o f  l andho ld i ng  o r  
management o f  t h e  i n d i v i d u a l  o r  co rpo ra te  c o l l e c t i v e  u n i t .  I n  t he  
Canadian and Aus t ra l as i an  con tex t ,  emp i r i ca l  research has demonstrated a  
very  c l e a r  re1  a t i o n s h i  p  between t he  p ropens i t y  t o  undertake investments  
which b r i n g  b e n e f i t s  i n  t he  l onge r  term and t he  expec ta t ions  o f  ga in  
d e r i v i n g  from those b e n e f i t s  (Manning, 1972; McCuaig and Manning, 1981). 
I n  general  , younger owners, co rpo ra t i ons ,  and those w i t h  h e i r s  who w i l l  
con t i nue  t o  use t h e  p rope r t y  were found t o  be most w i l l i n g  t o  make 
changes. With respec t  t o  t h e  impact  o f  personal f a c t o r s  on a b i l i t y  t o  
respond, i t  i s  c l e a r  t h a t  broad sca le  anomalies o r  d i f f e r e n c e s  w i l l  a c t  as 
f i l t e r s  t o  t he  o v e r a l l  response t o  t h e  need f o r  broad sca le  change i n  t he  
use o f  t h e  land.  For  example, i n  an area where v i r t u a l l y  a1 1  o f  t h e  r u r a l  
popu la t i on  i s  aged and where t h e r e  a re  very  few younger i n d i v i d u a l s ,  one 
would expect  l e s s  d i r e c t  response than i n  areas where t he  popu la t i on  i s  
younger o r  t he  l a n d  i s  h e l d  i n  co rpo ra te  en te rp r i ses .  A t  a  c o n t i n e n t a l  
sca le ,  i t  may be d i f f i c u l t  t o  general  i z e  these va r i ab les ,  b u t  ma jo r  
anomal i e s  cou l  d be i d e n t i f i e d .  
I n  F igu re  4, o t h e r  l andho lde r  f a c t o r s  impo r tan t  as i n f l u e n c e s  on t h e  
w i l l i n g n e s s  and a b i l i t y  o f  i n d i v i d u a l s  t o  respond t o  t h e  need t o  make l a n d  use 
changes a r e  i d e n t i f i e d .  Among those impo r tan t  a t  an i n d i v i d u a l  o r  co rpo ra te  
sca le  were income l e v e l s ,  p resen t  deb t  l oad  o r  access t o  c a p i t a l ,  occupat ion o f  
owner, and t h e  a s p i r a t i o n s  o r  reasons f o r  h o l d i n g  land .  Whether any of  these 
f a c t o r s  can be general  i zed t o  broad reg iona l  o r  c o n t i n e n t a l  scal  e  d i f f e r e n c e s  
p e r t i n e n t  t o  European f u t u r e s  would be worthy o f  f u r t h e r  e x p l o r a t i o n .  
I n  a d d i t i o n  t o  t h e  demographic and s t r u c t u r a l  c o n s t r a i n t s  which i n f l u e n c e  
changes i n  l a n d  use, t h e r e  a r e  a  number o f  o t h e r  f a c t o r s  which a re  p e r t i n e n t .  I f  
we a r e  t o  v iew t h e  process by which l a n d  use i s  changed f rom a  h o l i s t i c  
perspec t i ve ,  a  number of  o t h e r  s o c i a l ,  i n f r a s t r u c t u r a l  and p o l i c y  v a r i a b l e s  a r e  
impo r tan t  bo th  i n  terms o f  t h e i r  i n f l u e n c e  on t h e  development o f  c u r r e n t  pa t t e rns  
and t h e i r  u t i l  i t y  as v e h i c l e s  f o r / o r  impediments t o  change. From one 
perspec t i ve ,  l a n d  use p a t t e r n s  can be seen as t h e  p roduc t  of t h e  i n t e r p l a y  o f  t h e  
b i ophys i ca l  v a r i a b l e s  and t h e  whole o f  h i s t o r y .  Th is  b r i n g s  us t o  t h e  p resen t  
where we a re  now l o o k i n g  f o r  v a r i a b l e s  which may be manipu la ted e i t h e r  t o  reduce 
r i s k  i n  t h e  f u t u r e  o r  t o  a s s i s t  i n  d i r e c t i n g  l a n d  use p a t t e r n s  t o  serve c u r r e n t  
and foreseen s o c i e t a l  goal s  . 'Therefore, the  o v e r a l l  s o c i a l  , p o l  i t i c a l  and 
i n f r a s t r u c t u r a l  s i t u a t i o n  becomes very  impor tan t .  The a n a l y s i s  o f  determinants  
of  l a n d  use change would be incomplete w i t h o u t  i d e n t i f y i n g  t h e  key programs which 
bo th  d i r e c t l y  and i n d i r e c t l y  i n f l uence  dec i s i ons  on l a n d  use. I n  t h e  Canadian 
ins tance ,  these were ca tego r i zed  i n t o  7 groups (Bond e t  a1 ., 1982):  
1. Ownership and management of  land .  
2. Cons t ruc t ion  a c t i v i t i e s .  
3. Regulat ion.  
4. F i nanc ia l  po l  i c i e s .  
5. Sectora l  suppor t  programs. 
6. Regional development programs. 
7. Research, i n f o rma t i on  and p lann ing .  
A Canadian s tudy (Bond e t  a1 . , 1986) i d e n t i f i e d  over  100 key f ede ra l  
government programs, compr is ing  25 percen t  o f  d i s c r e t i o n a r y  f ede ra l  
government expendi tures,  which s i g n i f i c a n t l y  i n f l u e n c e  t h e  use and 
management o f  t h e  n a t i o n ' s  l a n d  resources. These programs i n c l u d e  bo th  
those which a c t  as impo r tan t  i n f l uences  on c u r r e n t  l a n d  use p r a c t i c e s  and 
dec is ions  as w e l l  as those which cou ld  i n  f u t u r e  be manipu la ted i n  o rde r  t o  
achieve broader goal s re1  a t i v e  t o  t h e  l a n d  resource base (e.g., Government 
o f  Canada and Government of  t he  U.S.A., 1985). These federa l  programs were 
complemented by an even g r e a t e r  number o f  p r o v i n c i a l  and l o c a l  p o l i c i e s  and 
programs which had d i r e c t  and i n d i r e c t  impact upon t h e  use o f  l a n d  resources 
(Audet and LeHgnaff, 1984; Ward, 1985). 
I n  any g i ven  p lace,  t he  i n t e r p l a y  o f  these p o l i c i e s  and programs 
would be q u i t e  d i f f e r e n t ,  sometimes r e i n f o r c i n g  t rends  towards sus ta i nab le  
development, sometimes b l o c k i n g  them o r  work ing a t  c ross  purposes (Manning, 
1986a; Munton, 1987). I n  each coun t r y  o r  area t h e r e  i s  a fundamental 
framework o f  p u b l i c  p o l i c i e s  and programs which, a t  l e a s t  i n  the s h o r t  term, 
must be taken as "g ivens"  w i t h i n  which changes w i l l  occur .  A pr ime example 
i s  a g r i c u l t u r a l  s u b s i d i z a t i o n  which has been a t e n e t  o f  r u r a l  development 
f o r  much o f  Western Europe and Nor th  America f o r  many years.  The complex 
and comprehensive system of suppor t  t o  a l l  aspects o f  a g r i c u l t u r e  can be 
taken v i r t u a l l y  as a g i ven  w i t h i n  which t he  d e c i s i o n  process f o r  l a n d  
a l l o c a t i o n  and management has occurred. Any a t tempt  t o  a l t e r  t h i s  system 
s i g n i f i c a n t l y  w i l l  i t s e l f  be d i s r u p t i v e  because i t  w i l l  remove many o f  t h e  
assumptions on which p a s t  investments  i n  l a n d  management have been made, 
bo th  by  i n d i v i d u a l  landowners and by  governments. 
At  a  c o n t i n e n t a l  sca le ,  i f  broad sca le  p lann ing  f o r  sus ta i nab le  
development i s  t o  occur,  i t  would be impo r tan t  t o  have i n f o r m a t i o n  on t h e  
p r i n c i p a l  d i f f e r e n c e s  i n  p o l i c y  f rom p lace  t o  p lace.  Most no tab le  a r e  those 
p o l i c i e s  t h a t  a r e  impo r tan t  i n  terms o f  i n f r a s t r u c t u r e ,  d i r e c t  and i n d i r e c t  p r i c e  
suppor ts  which p r o t e c t  p a r t i c u l a r  lands  f o r  such f u n c t i o n s  as a g r i c u l t u r a l  
p roduc t ion ,  aggregate e x t r a c t i o n  o r  wet1 and h a b i t a t ,  o r  which favour  p a r t i c u l  a r  
sec to r s  o r  reg ions .  I n  any assessment o f  t h e  impacts o f  change, these become 
impo r tan t  bo th  i n  terms o f  i n f l u e n c i n g  t he  changing demands on t he  resource base 
from one r e g i o n  t o  another  and as l e v e r s  by which l a n d  use change can be promoted 
o r  i n h i b i t e d .  Under most scenar ios,  many o f  these p o l i c y  and program s t r u c t u r e s  
w i l l  have t o  be assumed t o  remain cons tan t ,  w i t h  o n l y  incrementa l  m o d i f i c a t i o n s  
a t  l e a s t  i n  t h e  s h o r t  and medium term. 
6. Demands for  Land 
The determinants  o f  demand f o r  l a n d  a r e  d ive rse ,  r e f l e c t i n g  a l l  o f  t h e  
d i f f e r e n t  f u n c t i o n s  t h e  l a n d  must serve (see F igu re  3) .  The e s t i m a t i o n  o f  f u t u r e  
requi rements f o r  l a n d  can be done i n  a  v a r i e t y  o f  ways. Sec to ra l  demand 
p r o j e c t i o n s  have commonly been used t o  e s t a b l i s h  t rends ,  r ang ing  f rom l i n e a r  
ex t rapo l  a t i o n  o f  s p a t i  a1 t r ends  through t o  more complex model 1  i n g  o f  changi ng 
p r o d u c t i v i t y .  I n  t h e  Un i t ed  States,  work a t  F t .  C o l l i n s ,  Colorado has developed 
a  1  inked s e t  o f  sec to ra l  models, beg inn ing  w i t h  f o r e s t  sec to r  demands, and 
c a r r y i n g  these through l i n k s  t o  o t h e r  sec to r s  t o  examine sec to ra l  impacts 
(Hoekst ra  and Joyce, 1988). Such approaches a r e  workable i n  exposing 
i m p l i c a t i o n s  o f  demand t r ends  b u t  s u f f e r  f rom t h e  i n h e r e n t  problem o f  l i n k e d  
models -- o u t p u t  es t imates  from one s tep  become i n p u t  i n t o  t he  nex t ,  u s u a l l y  
y i e l d i n g  very  g r e a t  (compounded) v a r i a b i l  i t y  i n  t h e  end product .  Any p r e d i c t i v e  
method01 ogy i s  bese t  w i t h  unce r ta i n t y .  Few mu1 ti sec to ra l  approaches improve a t  
a l l  on De lph i  methods wherein consensus f u t u r e s  a r e  es t imated  by  app rop r i a te  
exper ts .  For t h i s  reason, t h i s  paper counsels an approach which does n o t  depend 
on r e l i a b l e  p r e d i c t i o n  o f  f u t u r e  l a n d  demands. 
This  i s  even more e s s e n t i a l  g iven  t he  concern f o r  unp red i c tab le  s u r p r i s e  
events.  I ns tead  i t  i s  suggested t h a t  one draw on e x i s t i n g  goals ,  o r  develop 
scenar ios  which have some p robab i l  i t y / p o s s i b i l  i ty of occurrence. Work can occur  
t o  a i d  i n  dec id i ng  which o f  these scenar ios a r e  acceptable t o  people and t h e i r  
governments, and f u r t h e r  e f f o r t  w i l l  d e f i n e  the  components o f  t h e  chosen 
scenar ios i n  terms r e l a t i v e  t o  t h e  demands they  b r i n g  t o  bear  on elements o f  t h e  
1 and resource. The 1 i t e r a t u r e  on environmental  f unc t i ons ,  and work c u r r e n t l y  
under way i n  Nor th  America on cumula t i ve  impact a n a l y s i s  (e.g., Peterson e t  a1 . , 
1987; Gossel ink and Lee, 1987), g i v e  some i n d i c a t i o n  as t o  how t h i s  can be 
accomplished. I n  research focuss ing  on h a b i t a t  p rese rva t i on  methodologies 
conducted under t he  Nor th  American Waterfowl Management Plan, s p e c i f i c  l i n k s  a r e  
be ing  made t o  t h e  va r i ous  goa ls  o f  s o c i e t y  served by wet land h a b i t a t  (Bardeck i ,  
Bond and Manning, 1988). Th is  work shows t he  1 i n k  between s p e c i f i c  s o c i e t a l  
demands o r  goa ls  and requi rements f o r  p a r t i c u l a r  q u a n t i t i e s  o f  l a n d  w i t h  ve ry  
s p e c i f i c  c h a r a c t e r i s t i c s .  The key t o  ana l ys i s  o f  f u t u r e  demands t o  be p laced on 
t h e  l a n d  w i l l  t h e r e f o r e  be i n  e s t a b l i s h i n g  a range o f  scenar ios,  based upon 
expl  i c i t  assumptions o f  1  i f e s t y l e ,  l e v e l s  o f  economic a c t i v i t y ,  popu la t i on  
l e v e l  s, e t c .  The devel opment o f  conserva t ion  s t r a t e g i e s ,  n a t i o n a l  p l  ans, e t c .  i s  
a l s o  a goal s e t t i n g  procedure which de f i nes  demand scenar ios.  Scenarios which 
have i m p l i c a t i o n s  f o r  l a n d  supply,  l e a d i n g  t o  a  reduced o r  enhanced resource 
base, can a1 so be developed. Such scenar ios can be based on ongoing p r e d i c t i v e  
work, o r  on "wors t  case" probable outcomes. 
7. Selecting A Spatial Framework 
Throughout t h i s  paper i t  has been suggested t h a t  a  s p a t i a l  pe rspec t i ve  
w i l l  be e s s e n t i a l  t o  p e r m i t  p roduc t i ve  a n a l y s i s  o f  t h e  determinants  o f  l a n d  use 
change. Th is  i m p l i e s  a s p a t i a l  framework f o r  da ta  c o l l e c t i o n  and t h e  use o f  a  
s p a t i a l  framework f o r  any subsequent mode l l i ng .  A key problem i s  one o f  
i d e n t i f y i n g  a s u i t a b l e  s p a t i a l  framework t h a t  w i l l  p e r m i t  t he  i n t e g r a t i o n  o f  
i n f o r m a t i o n  f rom d i ve rse  sources so t h a t  t rends  and s u r p r i s e s  can be eva lua ted  
a g a i n s t  t he  o p p o r t u n i t i e s  and c o n s t r a i n t s  a f f o r d e d  by  t he  l a n d  resource base. 
The s e l e c t i o n  o f  a  s p a t i a l  framework should be c l o s e l y  1  i nked  t o  the  
needs/requirements o f  t he  users.  However i t  i s  a1 so impo r tan t  t o  i d e n t i f y  
assumptions concern ing resources, access t o  geographic i n f o r m a t i o n  systems 
(GIs )  technology, e t c .  The use o f  a  powerful  i n t e g r a t i o n  t o o l  f o r  d i s c r e t e  
s p a t i a l  data se t s  c o u l d  reduce t he  importance o f  s e l e c t i o n  o f  a  s p a t i a l  
frame (see f o r  example Chorley,  1987). There a re  severa l  schools  o f  thought  
w i t h  r espec t  t o  s p a t i a l  frameworks. One favours  t he  use o f  geometr ic g r i d s  
where data a re  synthes ized and repo r ted  by geometr ic u n i t s ,  t hus  g i v i n g  
something o f  an evenness which suppor ts  mathematical  ana l ys i s .  I f  a  10, 
100, etc., sq. km g r i d  i s  developed, a l l  o f  t he  compromises i n  da ta  a re  made 
a t  t he  stage o f  data i n p u t ,  where i n f o r m a t i o n  ob ta ined  through va r i ous  
r o u t e s  such as census, f i e l d  t r i a l s ,  p o l i t i c a l  o r  eco log i ca l  u n i t s  i s  
abs t rac ted  t o  t he  nea res t  p o i n t  on the  g r i d  through t he  use o f  a  range o f  
s u b j e c t i v e  o r  mathematical  procedures. Th is  has t he  advantages o f  be ing  
neat,  and o f  n o t  r ep resen t i ng  i n d i v i d u a l  j ~ ~ r i s d i c t i o n s  who may be s e n s i t i v e  
t o  t he  p o r t r a y a l  o f  t h e i r  data,  p a r t i c u l a r l y  i f  t hey  prove t o  be i n  t he  
l owes t  cohor t .  Nevertheless, i t  has severe l i m i t a t i o n s ,  p a r t i c u l a r l y  f o r  
data which i s  n o t  i n i t i a l l y  s p a t i a l  (an a t t r i b u t e  o f  
socio-administrative/ecological u n i t s  as w e l l )  where homogeneity must be 
assumed. Th is  occurs s imp ly  because t he  p o i n t  may n o t  be r e p r e s e n t a t i v e  o f  
t he  whole and i f  l a r g e r  g r i d s  a r e  used, i t  may be q u i t e  un rep resen ta t i ve  of  
t h e  l o c a l i t y .  Thus spur ious  s p a t i a l  c o r r e l a t i o n s  can appear t o  occur  -- 
r e l a t i o n s h i p s  t h a t  would d r a s t i c a l  l y  a f f e c t  t he  t e s t i n g  o f  d i f f e r e n t  
scenar ios t h a t  a r e  dependent upon emp i r i ca l  re1  a t i o n s h i  ps. 
The use o f  po l  i t i c a l  u n i t s  ( coun t i es ,  d i s t r i c t s ,  e t c  .) i s  ano ther  
common way o f  da ta  p o r t r a y a l  and i n t e g r a t i o n .  'This i s  o f t e n  e a s i e r  t o  do 
than o t h e r  means o f  p o r t r a y a l  s imp ly  because so much da ta  tends t o  be 
c o l l e c t e d  on a  j u r i s d i c t i o n a l  bas i s .  The key advantages o f  t he  use o f  
p o l i t i c a l  u n i t s ,  p a r t i c u l a r l y  f a i r l y  smal l  ones i n  t he  50-250 sq. km range, 
l i e  i n  t he  f a c t  t h a t  t hey  a r e  o f t e n  r e l a t i v e l y  p h y s i c a l l y  homogeneous a t  
t h a t  sca le  and r e f l e c t  t h e  l e v e l s  o f  a u t h o r i t i e s  which may be s u i t a b l e  t o  
deal w i t h  t he  p l ann ing  o f  t he  use o f  land.  Fu r the r ,  a t  a  c o n t i n e n t a l  scale,  
sma l l e r  u n i t s  may produce da ta  se t s  so l a r g e  as n o t  t o  be e a s i l y  analyzed. 
I n  Canada and t he  Un i t ed  States,  county  l e v e l  data has f r e q u e n t l y  been used 
as a  reasonable 1  eve1 t o  p o r t r a y  reg iona l  d i  f f e r e n t i a t i o n  across these 1  arge 
na t i ons .  T y p i c a l l y ,  coun t i es  i n  Canada and t h e  Un i ted  S ta tes  a re  i n  t h e  
1000 t o  10 000 sq. km range a l though t he re  i s  some extreme v a r i a t i o n .  
V a r i a t i o n  i n  s i z e  i s  one o f  t he  drawbacks i n  t h e  use o f  t h i s  t ype  o f  s p a t i a l  
g e n e r a l i z a t i o n  a l though t h e  super impos i t ion  o f  ecumene boundaries i n  t he  
Canadian case has been o f  cons iderab le  a i d  i n  r e s o l v i n g  t h i s  problem. A 
f u r t h e r  problem w i t h  t h e  s t a n d a r d i z a t i o n  o f  po l  i t i c a l  u n i t s  i s  t h e i r  f a i l u r e  
t o  correspond t o  env i r onmen ta l l y  homogeneous u n i t s  i n  many areas. 
P a r t i c u l a r l y  i n  mountainous t e r r a i n  o r  across n a t u r a l  boundar ies t h i s  may be 
q u i t e  p rob l  ematic . The p r i n c i p a l  advantage o f  t he  po l  i t i c a l  u n i t s  , 
p a r t i c u l a r l y  f o r  ou tpu t ,  i s  t h a t  t he  respons ib l e  a u t h o r i t i e s  a re  c l e a r l y  
i d e n t i f i a b l e  and when a c t i o n  needs t o  be taken t he  po l  i c y  p r e s c r i p t i o n s  can 
be phrased i n  terms t h a t  t he  c u r r e n t  p o l i t i c a l  s t r u c t u r e s  f i n d  p r a c t i c a l  
(see f o r  example, Manning 1986a, 1987a; Chorl ey, 1987. ) 
A t h i r d  t ype  o f  u n i t  i s  t h e  eco log i ca l  u n i t  -- a  u n i t  based on 
b iophys i ca l  c h a r a c t e r i s t i c s .  Eco log i ca l  u n i t s  have t he  g r e a t  advantage o f  
be ing  express ions themselves o f  t he  b i ophys i ca l  c h a r a c t e r i s t i c s  o f  t h e  land .  
Therefore,  t h e  data a c q u i s i t i o n  and a n a l y s i s  o f  t he  s i g n i f i c a n t  b i ophys i ca l  
v a r i a b l e s  i s  o f t e n  eas ie r ,  and f a r  fewer s p a t i a l  compromises need t o  be made 
w i t h  r espec t  t o  phys i ca l  i n f o rma t i on .  The i n t e g r a t e d  a n a l y s i s  o f  t h e  
v a r i a b l e s  i n f l u e n c i n g  t h e  q u a l i t y  o f  t h e  resource base f o r  c e r t a i n  uses i s  
t h e r e f o r e  f a c i l i t a t e d .  Un fo r t una te l y ,  i t  i s  ve ry  r a r e  t h a t  socio-economic 
i n f o r m a t i o n  i s  a v a i l a b l e  on t h e  same bas is .  
Fur ther ,  i f  r e s u l t s  a r e  made a v a i l a b l e  s o l e l y  on t h e  b a s i s  o f  b i ophys i ca l  
u n i t s ,  exper ience has shown t h a t  p o l i t i c a l  response may be l e s s  easy t o  
ob ta i n ,  as t h e  u n i t s  a re  u n f a m i l i a r  and do n o t  correspond t o  areas o f  
j u r i s d i c t i o n  (Manning, 1987b). It should be noted, however, t h a t  i n  some 
c o u n t r i e s  r e s p o n s i b i l i t y  f o r  conse rva t i on - re l a ted  a c t i v i t y  i s  sometimes 
based on b iophys i ca l  r eg ions  (e.g., Conservat ion A u t h o r i t i e s ,  R i v e r  Bas in  
Management Agencies).  I n  these cases, t h i s  t ype  o f  r e p o r t i n g  u n i t  would be 
i d e a l  . 
A compromise approach which appears va luab le  i s  t h e  combining o f  
we1 1  -es tab l  i shed po l  i t i c a l  u n i t s  w i t h  eco log i ca l  u n i t s  t o  form standard ized 
h y b r i d  u n i t s  designed t o  accommodate bo th  socio-economic and environmental  
( b i ophys i ca l  ) data. P re l  im ina ry  work us ing  data f o r  t he  Canadian p r a i r i e s  
has demonstrated t he  u t i l i t y  o f  these "environomic" u n i t s  t o  i n t e g r a t e ,  
analyze and d i s p l a y  bo th  types of data a t  a  r e g i o n a l / c o n t i n e n t a l  sca le  
(Gel inas,  1988). A s i m i l a r  bas i s  was used f o r  t he  d e f i n i t i o n  o f  mode l l i ng  
u n i t s  by t h e  U n i v e r s i t y  o f  Guelph i n  t he  development o f  a  supply/demand 
response model f o r  t he  federa l  government and t he  p rov ince  o f  Onta r io  (Land 
Eval u a t i o n  Group, 1985; Land Eval u a t i o n  P r o j e c t ,  1982). A mu1 t i - s e c t o r a l  
appl  i c a t i o n  ( a g r i c u l  t u r e ,  f o r e s t r y ,  o t h e r )  i n  New Brunswick shows some 
promise as a  means t o  deal w i t h  i n t e r s e c t o r a l  compe t i t i on  f o r  scarce 
resource 1  ands under d i  f f e r e n t  scenar ios o f  demand (Smi t and B r k l  ac ich ,  
1985) . 
The advent and improvement o f  geographic i n f o r m a t i o n  systems (GIs )  
has made t h e  i n t e g r a t i o n  of  da ta  from d i f f e r e n t  u n i t s  f a r  eas ie r ,  a l though 
caveats  s t i l l  e x i s t  w i t h  r e s p e c t  t o  t he  way i n  which s p a t i a l  data a r e  
handled and i n t e g r a t e d .  Nevertheless, GIs make i t  p o s s i b l e  t o  operate a  
system o f  b i ophys i ca l  u n i t s  and undertake i n t e g r a t i o n  o f  da ta  from o t h e r  
s p a t i a l  u n i t s  p e r m i t t i n g  an ou tpu t  t o  be format ted on any geographica l  base 
o r  on h y b r i d  u n i t s  ( C r a i n  and MacDonald, 1984). The main concern i s  t h a t  
t h e  data he ld  i n  t he  systems must be t r u l y  s p a t i a l  -- t h a t  t h i s  i n f o r m a t i o n  
must r e f e r ,  t o  t h e  g r e a t e s t  e x t e n t  poss ib le ,  t o  a  homogeneous c h a r a c t e r i s t i c  
o f  a l l  p laces  w i t h i n  each s p a t i a l  u n i t .  Thus extreme ca re  must be taken 
when dea l i ng  w i t h  non-spa t ia l  data,  w i t h  the  understanding t h a t  assumptions 
o f  averaging and homogeneity a re  i n h e r e n t  i n  any o f  t h e  i n f o r m a t i o n  used i n  
s p a t i a l  over1 ay. Nevertheless, t he  v e r s a t i l  i ty o f  such systems can p e r m i t  
t h e  genera t ion  o f  o u t p u t  on a  wide range o f  s p a t i a l  u n i t s  -- b iophys i ca l  
u n i t s  f o r  anal ,ysis,  p o l i t i c a l  u n i t s  f o r  implementat ion. I n  t h e  use of  GIs, 
t h e  compromises need n o t  be made a t  t he  i n p u t  s tage -- data a re  h e l d  by t h e  
geographical  u n i t s  f o r  which they  were c o l l e c t e d ,  t h e r e f o r e  p e r m i t t i n g  t he  
data t o  be used t o  t h e i r  1  i m i t s  o f  v a l i d i t y  r e l a t i v e  t o  o t h e r  s p a t i a l  data 
i n  q u i t e  s o p h i s t i c a t e d  a n a l y s i s .  
The s e l e c t i o n  o f  s p e c i f i c  v a r i a b l e s  t o  be he ld  w i l l  be d i f f i c u l t .  
It would be f o l l y  t o  amass huge banks o f  data i n  i t s  rawes t  form, and would 
be a  d u p l i c a t i o n  o f  e x i s t i n g  sec to ra l  o r  n a t i o n a l  da ta  banks. A t  the  same 
t ime,  aggrega t ion  o f  data i n t o  very  general  i n d i c a t o r s  o r  ve ry  l a r g e  
compromise u n i t s  w i l l  n o t  serve we1 1  . The s o l u t i o n  may we1 1  be i n  us ing  an 
i n te rmed ia te  l e v e l  o f  s p a t i a l  aggrega t ion  f o r  data h o l d i n g  -- such as 
a d m i n i s t r a t i v e  u n i t s ,  dra inage bas ins  o r  sub-basins, o r  e c o l o g i c a l  u n i t s ,  
w h i l e  m a i n t a i n i n g  t h e  base v a r i a b l e s  i n  q u a n t i t a t i v e  format.  I dea l  1  y,  one 
would use we l l - es tab l i shed  r e p o r t i n g  u n i t s  f o r  which most o f  t he  r e q u i r e d  
data a re  a1 ready a v a i l a b l e ,  and p o i n t  da ta  sources f o r  o t h e r  i n f o r m a t i o n  
such as e x t r a c t i o n  s i t e s ,  s o i l  qua1 i t y  m o n i t o r i n g  po in t s ,  e t c .  a r e  
ob ta inab le .  I f  GIs a r e  used, then  many means o f  i n t e g r a t i n g  p o i n t  data 
w i t h  s p a t i a l  da ta  a re  a v a i l a b l e .  
8. Testing Scenarios Within A Spati a1 Suppl y/Denand Framework 
Th i s  paper has de f i ned  the  types o f  i n f o r m a t i o n  p e r t i n e n t  t o  t he  key 
v a r i a b l e s  de te rmin ing  1  and use which would c o n t r i b u t e  t o  a  supply/demand 
mode l l i ng  exe rc i se  f o r  land .  It i s  suggested t h a t  a  supply/demand model 
would be t he  most use fu l  framework w i t h i n  which t o  t e s t  changes e i t h e r  
i n  t he  q u a l i t y  and q u a n t i t y  o f  l a n d  supply o r  i n  t h e  n a t u r e  and q u a n t i t y  o f  
demands t o  be p laced on t h e  resource base. I n  t h i s  sec t ion ,  a  p a r t i c u l a r  
t ype  o f  model i s  proposed based on a  number o f  mode l l i ng  exe rc i ses  which 
have been developed as p o l i c y  suppor t  ins t ruments  i n  Canada and o t h e r  
j u r i s d i c t i o n s  (e.g., Land Eva1 u a t i o n  Group, 1983a; Heck1 and, 1984). The 
p a r t i c u l a r  framework p u t  fo rward  i s  most d i r e c t l y  de r i ved  from t h e  
mode l l i ng  exe rc i se  f o r  t h e  governments o f  On ta r i o  and New Brunswick, through 
t he  L l n i ve rs i t y  o f  Guel ph. 'This model i s  a  supply/demand model f o r  l a n d  w i t h  
a  s p a t i a l  framework (Smi t ,  1981). When tes ted ,  scenar ios r e s u l t  i n  an 
ou tpu t  which g i ves  n o t  o n l y  t h e  t o t a l  requi rements f rom the  l a n d  base b u t  
shows where these land-based requi rements f o r  p roduc ts  o r  se rv i ces  can be 
s a t i s f i e d  across a  l a r g e  number o f  s p a t i a l  u n i t s .  Th i s  approach t h e r e f o r e  
pe rm i t s  t he  t e s t i n g  o f  scenar ios and t he  v a l u a t i o n  o f  t h e i r  i m p l i c a t i o n s  f o r  
each s p a t i a l  da ta  u n i t .  T h i s  t ype  o f  procedure can be c a l l e d  
supp l y / cons t ra i n t  mode l l i ng .  The supp l y / cons t ra i n t  model i s  dependent on a  
knowledge, f o r  each o f  t h e  s p a t i a l  data u n i t s ,  o f  approx imate ly  a  dozen 
b iophys i ca l  v a r i a b l e s  adequate t o  pe rm i t  a n a l y s i s  o f  supply/response f o r  t h e  
e s s e n t i a l  p roduc ts  o r  f u n c t i o n s  o f  concern. I n  t h e  On ta r i o  a p p l i c a t i o n  o f  
t h e  model, t h e  s p a t i a l  da ta  u n i t s  se lec ted  were cornbinat ions o f  p o l i t i c a l  
u n i t s  ( c o u n t i e s  and townships) approx imat ing ma jo r  b i ophys i ca l  zones w i t h i n  
t he  p rov ince  o f  Onta r io .  The s e l e c t i o n  o f  boundaries was done p r i m a r i l y  
through c l  i m a t i c  da ta  and broad phys i ca l  d i f f e r e n c e s .  'The u n i t s  v a r i e d  
somewhat i n  s i z e  f rom one rep resen t i ng  a  s i n g l e  county  w i t h  r e l a t i v e l y  
unique b iophys i ca l  f ea tu res  t o  another  much l a r g e r  zone r e p r e s e n t i n g  severa l  
thousand sq. km o f  r e l a t i v e l y  f l a t ,  c l i m a t i c a l l y  favoured land .  The 
i n f o r m a t i o n  necessary f o r  t h e  a n a l y s i s  o f  ma jo r  changes i n  t he  b i ophys i ca l  
base o r  i n  o t h e r  p o l i t i c a l  o r  socio-economic c o n s t r a i n t s  i s  r e l a t e d  t o  t he  
q u a n t i t y  o f  l a n d  w i t h  p a r t i c u l a r  qua1 i t i e s  t o  be found w i t h i n  each o f  t h e  
data u n i t s  (Land Eva lua t i on  Group, 1985). I n  t he  Ontar io  case, t he  
environmental  f unc t i ons  o f  concern were p r i m a r i l y  those suppor t ing  
p roduc t ion  o f  a g r i c u l t u r a l  products.  I n fo rma t i on  was ob ta ined  from t e s t  
s i t e s  w i t h i n  each o f  t h e  da ta  u n i t s  showing supply/response f o r  key 
a g r i c u l t u r a l  crops t o  changes i n  p r e c i p i t a t i o n ,  s o i l  chemist ry ,  e t c .  Th is  
i n i t i a l  s tep pe rm i t t ed  mode l l i ng  o f  a  number o f  scenar ios over  these h y b r i d  
b i o p h y s i c a l / p o l i t i c a l  u n i t s .  Some a p p l i c a t i o n s  inc luded:  
a) Satisfaction of Future Deaands for Particular Products 
Several runs were done t o  eva lua te  d i f f e r e n t  f u t u r e  demands f o r  
a g r i c u l t u r a l  p roduc t ion  t o  be p laced on the  resource base and o f  changes i n  
t h e  c o n s t r a i n t s  (e.g., energy cos ts ,  c l i m a t i c  changes). For example, t he  
model was run  t o  t e s t  t he  impact o f  d i f f e r e n t  urban expansion scenar ios,  
each o f  which would s u b t r a c t  d i f f e r e n t  q u a n t i t i e s  o f  l a n d  w i t h  known 
c h a r a c t e r i s t i c s  from each o f  t he  data u n i t s .  The quest ions asked were: 
1. Are t h e  p resent  p roduc t ion  q u a n t i t i e s  f o r  key products  
f e a s i b l e  under each o f  t he  urban expansion scenar ios? 
2. What a re  t he  major  s p a t i a l  s h i f t s  r e q u i r e d  i n  key products  t o  
s a t i s f y  these scenarios? 
3 .  Are the re  any s p e c i f i c  s p a t i a l  u n i t s  where the  pressures w i l l  
i n t e n s i f y  t o  t h e  p o i n t  where the  a l t e r a t i o n s  a r e  n o t  p r a c t i c a l ?  
b) The Impact o f  Policies on Resource Supply 
A second approach examined t h e  impact o f  p a r t i c u l a r  p o l i c i e s  on l a n d  
use op t ions .  For  example, i f  i t  was decided t o  reduce t h e  impact  o f  fa rming  
p r a c t i c e s  on s o i l  and water  q u a l i t y ,  a  b u f f e r  s t r i p  a long  a l l  water courses 
cou ld  be c rea ted  (Land Eva lua t i on  Group, 1983b). What would be t he  impact 
o f  t h i s  on t h e  s a t i s f a c t i o n  o f  a  number o f  demands? Would i t  s t i l l  be 
p o s s i b l e  t o  ach ieve feed g r a i n  s e l f - s u f f i c i e n c y  w i t h o u t  s a c r i f i c i n g  o t h e r  
ma jo r  products  under t h i s  scenar io? What would be t h e  impact o f  con t inued  
e r o s i o n  over  25 years? 
c)  The Impact o f  Climatic Change 
A t h i r d  t ype  o f  a p p l i c a t i o n  o f  t h e  model was t h e  e v a l u a t i o n  o f  t h e  
a b i l  i t y  t o  meet p roduc t ion  goal s  under d i f f e r e n t  c l  imate change scenar ios.  
Each c l i m a t i c  scenar io  was r u n  i n  terms o f  i t s  p r o j e c t e d  impact on 
phys i ca l  a t t r i b u t e s  o f  t h e  l a n d  base. 'The changes i n  c l i m a t e  would 
t h e r e f o r e  enhance o r  reduce p r o d u c t i v i t y  f o r  p a r t i c u l a r  c rops  on each type  
o f  s o i l  w i t h i n  each u n i t .  The ques t ions  focussed on t h e  need t o  change 
l o c a t i o n  o f  crops and t h e  impact  on o v e r a l l  p roduc t ion .  The model runs  
showed where p roduc t ion  would be most impo r tan t  t o  t h e  achievement o f  f u t u r e  
scenar ios.  The model was a l s o  r u n  t o  d i scove r  whether ad justments  i n  
l o c a t i o n  o f  p roduc t i on  f o r  e i g h t  crops cou ld  be done t o  ma in ta i n  p roduc t i on  
o r  t o  op t im i ze  p roduc t i on  o f  p r i o r i t y  products .  Typ ica l  "answers" i n c l  uded 
- - "no", o n l y  one o f  t h e  two p roduc t ion  goa ls  c o u l d  be s a t i s f i e d  under a  
p a r t i c u l a r  scenar io ,  o r  "yes",  b u t  o n l y  i f  over  80 pe rcen t  o f  t he  l a n d  w i t h  
p a r t i c u l a r  b i ophys i ca l  c h a r a c t e r i s t i c s  i n  a  p a r t i c u l a r  da ta  u n i t  was p u t  
i n t o  one crop. No f u r t h e r  work was done on i m p l i c a t i o n s  f o r  o t h e r  sec to r s  
l i k e  f o r e s t  products  o r  h a b i t a t  p r o t e c t i o n  as e s s e n t i a l  
p r o d u c t i v i  ty-response re1  a t i o n s h i p s  were n o t  a v a i l  a b l e  f o r  these sec to rs .  
While t h i s  t ype  o f  model1 i n g  procedure has proven r e l a t i v e l y  
e f f e c t i v e  f o r  scenar io  t e s t i n g  f o r  a g r i c u l t u r e ,  i t  i s  c l e a r  t h a t  t h e r e  a re  
many more c a p a b i l i t i e s  which cou ld  be e x p l o i t e d .  For example, t h e  a d d i t i o n  
o f  p roduc t i v i t y - r esponse  i n f o r m a t i o n  f o r  t r e e  crops,  biomass p roduc t ion ,  
water fowl  p roduc t ion ,  e t c .  would pe rm i t  t he  e x t r a p o l  a t i o n  of  these 
approaches across o t h e r  sec to rs .  
One element i n  t he  f u r t h e r  development o f  t h i s  t ype  o f  model 1  i n g  
t h a t  would enhance i t s  u t i l i t y  f o r  t he  assessment o f  env i ronmenta l  f u t u r e s  
would be t he  development o f  an i n t e g r a t e d  b i ophys i ca l  base1 i n e  da ta  on 
b i o p h y s i c a l l y  de f i ned  u n i t s .  I f  b i o p h y s i c a l l y  homogeneous u n i t s  a t  an 
app rop r i a te  sca le  were def ined, then  p r o d u c t i v i t y  response, i n  t h e  face o f  
a l t e r a t i o n s  i n  key c l i m a t i c  o r  o t h e r  phys ica l  va r i ab les ,  cou ld  be es t imated  
f o r  t he  most impo r tan t  environmental  f u n c t i o n s  -- p a r t i c u l a r l y  those viewed 
as most s t r a t e g i c  t o  t he  achievement o f  government s t r a t e g i e s  o r  de f i ned  
goal s  (e.g., Conservat ion S t r a t e g i e s ) .  That  woul d  e n t a i l  t h e  development o f  
p roduc t i v i t y - r esponse  models f o r  t he  major  food crops, f o r  f o r e s t  p roduc ts  
and consumed w i l d l i f e  as i n i t i a l  steps. I n  a d d i t i o n ,  t h e  d e f i n i t i o n  o f  
r e l a t i o n s h i p s  between t h e  u t i l i t y  o f  p a r t i c u l a r  p a r t s  o f  t he  environment t o  
serve r e c r e a t i o n a l  f u n c t i o n s ,  b u f f e r i n g ,  h a b i t a t  o r  any o t h e r  f u n c t i o n s  
which a re  p a r t i c u l a r l y  s e n s i t i v e  t o  a1 t e r a t i o n s  i n  b i ophys i ca l  v a r i a b l e s  
would be va luab le .  I n  some cases, t h e  environmental  f u n c t i o n s  such as 
many forms o f  b u i l  t environment (environment as space) a re  remarkably 
i n s e n s i t i v e  t o  b i o p h y s i c a l  change, depending more upon a t t r i b u t e s  o f  s i t e  
and r e l a t i v e  l o c a t i o n  than phys i ca l  a t t r i b u t e s  o f  t he  resource base. These 
k i nds  of  f u n c t i o n s  can be fac to red  i n t o  t h i s  t ype  o f  model p r i m a r i l y  as 
s u b t r a c t i o n s  from t h e  a v a i l a b l e  environmental  resource a t  t h e  o u t s e t  o f  each 
r u n  o r  sepa ra te l y  model led i n  terms o f  demand f u n c t i o n s  and used t o  develop 
scenar ios which a re  then t e s t e d  through t he  p r i m a r i l y  b i ophys i ca l  
supp l y / cons t ra i n t  model . Some types o f  scenar ios  amenabl e  t o  t h i s  t ype  o f  
approach and p e r t i n e n t  w i t h  re ference t o  t h e  a t t a i nmen t  o f  t he  goal o f  
sus ta i nab le  development a re  high1 i g h t e d  i n  F igure  5. 
FIGURE 5 
TYPICAL SCENARIOS TO BE MIDELLED 
1. Produc t ion  C a p a b i l i t y  under Changed Land Supply 
- reduced l a n d  base due t o  urban growth 
- changed l a n d  c a p a b i l i t y  due t o  c l i m a t i c  change 
2. Impact o f  Land Use P rac t i ces  
- changed capab i l  i t y  due t o  e ros ion ,  chemical use 
- changed p r o d u c t i v i t y  response due t o  new crops, p r a c t i c e s  
- a1 t e r e d  environmental  aual i ty due t o  use t rends  ( t o x i  f i c a t i o n )  
3. Changes i n  t he  Demand f o r  t he  Land Base 
- need t o  achieve s e l f - s u f f i c i e n c y  on l a n d  base 
- need t o  consecrate l a n d  areas t o  habi  t a t / r e c r e a t i o n  
- major  impact  c o n s t r a i n t s  f o r  p a r t i c u l a r  p roduc ts  
4. Soc i a1 Impact 
- changed demand f o r  n a t u r a l  areas, e t c .  
- changes i n  s o c i a l  acceptance o f  p a r t i c u l a r  l a n d  use p r a c t i c e s  
5. Pol i c y  Impact 
- changed r e g u l a t i o n s  on f e r t i l  i z e r  use, p e s t i c i d e s  
- changed pol  i c y  r e .  : use r e g u l a t i o n s  ( a g r i c u l t u r a l  l a n d  
p r o t e c t i o n ,  b u f f e r  s t r i p s )  
- t r a d e  agreements, b a r r i e r s  
- imn ig ra t i on /em ig ra t i on  scenar ios 
- changes i n  c a p i t a l  d e p l e t i o n  changes ( re . :  f o r e s t  stumpage, 
m inera l  r oya l  t i e s )  
6. Catastrophe 
- environmental  change s c e n a r i o s / s e n s i t i v i t i e s  (e.g., c l i m a t e  change) 
- d r o u g h t / f l  ood scenar ios ( s h o r t  term) 
- environmental  d i s a s t e r  scenar ios (X% o f  base s t e r i l i z e d  by  
acc iden t )  
- c rop  d i v e r s e  scenar ios  ( a g r i c u l  t u r e ,  f o r e s t r y )  
- c i v i l  d isrupt ions/economic su rp r i ses .  
Spec i f i c  demand scenar ios  can be t e s t e d  aga ins t  t h e  a b i l i t y  o f  t h e  l a n d  base 
(even i f  a1 t e r e d )  t o  respond. 
The o b j e c t i v e  o f  such model runs would be t o  answer t he  f o l l o w i n g  
genre o f  quest ions:  
1. Can we ma in ta i n  des i r ed  l e v e l s  o f  supply  o f  key f u n c t i o n s  
g iven  hypothes ized d i s r u p t i o n s  o r  competing demands? 
2. Do c u r r e n t  t r ends  i n  use o r  abuse o f  aspects o f  t he  l a n d  base 
t h rea ten  ou r  f u t u r e  des i r ed  uses? 
3. Do c u r r e n t  ( o r  proposed) po l  i c i e s  c r e a t e  s a t i s f a c t o r y  outcomes? 
4. Where a re  t h e  pressure p o i n t s ?  Are p a r t i c u l a r  uses o r  l e v e l s  o f  
p r o d u c t i v i t y  c r i t i c a l  , f o r  p a r t i c u l a r  areas i n  many scenar ios? 
5 .  Can we p l a n  t o  reduce f r a g i l i t y  o f  t h e  system ( s e n s i t i v i t y  t o  
s u r p r i  ses) o r  overdependence on spec i  f i c  p a r t s  of  t h e  resource? 
6. Can a l l  our  goa ls  be s imu l taneous ly  s a t i s f i e d  by t h e  resource 
base, o r  must we p l a n  now t o  make ad jus tments / t rade-o f fs  between 
our  goal s? 
I f  f e a s i b l e  scenar ios  from a  l a n d  supp l y / cons t ra i n t  approach can be 
i d e n t i f i e d ,  t h e  f i n a l  s tep  would be t o  eva lua te  these i n  terms o f  
s a t i s f a c t i o n  o f  goals .  I n  some cases (e.g., a g r i c u l t u r a l  p roduc t i on ) ,  
economic analyses o f  t h e  r e s u l t s  would be va luab le  because a  s i g n i f i c a n t  
subset o f  p h y s i c a l l y  f e a s i b l e  scenar ios a r e  n o t  economica l l y  v i ab le .  Other 
means o f  e v a l u a t i o n  o f  p o l i t i c a l  , s o c i a l ,  e t c .  d e s i r a b i l  i t y  cou ld  a1 so be 
a p p l i e d  where app rop r i a te .  One way o f  v iew ing  t h i s  e n t i r e  approach i s  t o  
see t he  supp l y / cons t ra i n t  mode l l i ng  as one s i d e  o f  t h e  o v e r a l l  s t r a tegy ,  and 
t he  scenar io  b u i l d i n g  o r  demand-evaluating s i de  i n t e r f a c i n g  w i t h  i t  through 
t h e  opera to r .  'The r o l e  o f  t h e  opera to r ,  through as many i t e r a t i o n s  as i s  
r equ i red ,  i s  t o  t ry  t o  op t im i ze  bo th  s ides  o f  t h e  model. The o b j e c t i v e  o f  
sus ta i nab le  development i s  t h e r e f o r e  t o  mod i fy  demand f o r ,  o r  manage supp ly  
o f ,  environmental  resources i n  an a n t i c i p a t o r y  f ash ion  so t h a t  unacceptable 
outcomes a r e  made l e s s  probable.  
9. Concl usion 
The o b j e c t i v e  o f  t h e  t e s t i n g  o f  scenar ios i s  t o  i d e n t i f y  those p o i n t s  
o f  i n t e r v e n t i o n  where undes i rab le  f u t u r e s  can be ave r ted  o r  a t  t h e  ve ry  
l e a s t  t h e  r i s k  o f  unacceptable outcomes can be reduced. Such approaches can 
a l s o  i d e n t i f y  those " h o t  spots"  which a r e  p a r t i c u l a r l y  f r a g i l e  o r  s e n s i t i v e  
under a  range o f  demand scenar ios.  The conceptual  approach and m o d e l l i n g  
procedure descr ibed  i n  t h i s  paper have very  s i g n i f i c a n t  i n f o r m a t i o n  
requirements.  L i k e  a l l  models, t h e  u t i l i t y  i s  r e l a t e d  d i r e c t l y  t o  t he  
amount o f  work necessary t o  c r e a t e  it. One o f  t h e  most se r i ous  problems 
w i l l  be t h e  s e l e c t i o n  o f  a p p r o p r i a t e  sca le .  C lea r l y ,  t h e  more d e t a i l e d  t h e  
ou tpu t  t h e  more d i r e c t l y  appl  i c a b l e  t o  prob lem-solv ing a t  a  r eg iona l  sca le .  
I n  con t ras t ,  t h e  g r e a t e r  t h e  d e t a i l  requ i red ,  t h e  more expensive and 
compl i c a t e d  w i l l  be any model 1  i ng procedure. 
The c rux  o f  t h e  p r a c t i c a l  problem i n  d e f i n i n g  an o v e r a l l  program t o  
amass i n f o r m a t i o n  and t o  i n t e g r a t e  i t  i n  a  way t h a t  pe rm i t s  t h e  assessment 
o f  f u t u r e  l a n d  use op t i ons  i s  t h e  s e l e c t i o n  o f  an app rop r i a te  l e v e l  o f  
general  i z a t i o n .  The i d e a l  i s  imposs ib ly  complex and expensive. The 
p r a c t i c a l  i s  p robab ly  i n a p p r o p r i a t e l y  genera l .  Yet I would suggest t h a t  t h e  
o v e r a l l  problem o f  c r e a t i n g  something usable and something which w i l l  i n  
f a c t  be ab le  t o  i d e n t i f y  s e n s i t i v i t i e s ,  p o i n t s  o f  i n t e r v e n t i o n  and t h e  need 
f o r  pre-p lanning l i e s  i n  t h e  s e l e c t i o n  o f  a  smal l  number o f  c l e a r l y  
d e f i  nab1 e  b i ophys i ca l  v a r i a b l e s  and a  1  i m i  t e d  number o f  socio-economic 
f a c t o r s  which modi.fy supply.  These must c o r r e l a t e  w e l l  w i t h  t h e  
p r o d u c t i v i t y  response f o r  t h e  most impo r tan t  environmental  f u n c t i o n s .  The 
nex t  s t ep  i s  t h e  s e l e c t i o n  o f  moderate ly-s ized da ta  u n i t s  which a r e  
p r e f e r a b l y  b i o p h y s i c a l l y  based t o  pe rm i t  b e t t e r  syn thes is .  I would f u r t h e r  
recommend t h e  use o f  geographica l  i n f o r m a t i o n  systems so t h a t  o u t p u t  can be 
ob ta ined  n o t  o n l y  f o r  b i ophys i ca l  u n i t s  b u t  a l s o  g e o - p o l i t i c a l  ones and t h e  
adopt ion  o f  a  supplyldemand mode l l i ng  framework which, w h i l e  i t  would n o t  
address a1 1  environmental  ques t ions  f o r  Europe's f u t u r e  w i l l  p e r m i t  t h e  
t e s t i n g  o f  many o f  t h e  most probable scenar ios i n  terms o f  p o t e n t i a l  l a n d  
use impacts.  'The s p a t i a l  pe rspec t i ve  w i l l  pe rm i t  n o t  o n l y  t h e  broader  sca le  
i d e n t i f i c a t i o n  o f  supplyldemand problems b u t  a1 so t h e  r e g i o n a l  i z a t i o n  o f  
these t o  t h e  p o i n t  where s p e c i f i c  i n t e r v e n t i o n s  can be p o s s i b l e  i n  o rder  t o  
reduce s e n s i s t i v i t y  o r  t o  a v e r t  p robab le l poss ib l e  f u t u r e  d i f f i c u l t i e s .  
Th is  paper has been developed as a  c o n t r i b u t i o n  t o  t h e  d e f i n i t i o n  o f  
a  program which w i l l  a l l o w  t h e  examinat ion o f  t h e  determinants  o f  l a n d  use 
f o r  Europe i n  o rde r  t h a t  Europe's environmental  f u t u r e  can be addressed. I n  
a  sense, i t  i s  an a t tempt  t o  see t h e  unseeable. Su rp r i se  events  w i l l  
con t i nue  t o  be j u s t  t h a t  -- su rp r i ses .  By c a s t i n g  our  n e t  f a i r l y  b road ly ,  
and by understanding t h e  response o f  those environmental  f u n c t i o n s  upon 
which s o c i e t y  i s  so dependent, we a r e  a t  1  e a s t  b e t t e r  armed t o  deal w i t h  
s u r p r i s e s  i n  a  quick-response fash ion .  We a r e  a l s o  a b l e  t o  i d e n t i f y  t he  
weakest l i n k s  i n  our  system, and perhaps p l a n  i n  advance t o  reduce 
s i t u a t i o n s  o f  p a r t i c u l a r  f r a g i l i t y  o r  s e n s i t i v i t y ,  p a r t i c u l a r l y  those which 
t h rea ten  s u s t a i n a b i l i t y  o f  t h e  system. A t  t he  very  l e a s t ,  these types  o f  
approaches he lp  us understand, a t  a  c o n t i n e n t a l  sca le ,  what i s  o c c u r r i n g  and 
what a r e  some o f  i t s  i m p l i c a t i o n s  f o r  t he  sus ta i nab le  development o f  t h e  
1  and base. 
" D r .  Edward W. Manning i s  Chief, Land Use Ana lys is  D i v i s i o n ,  Environment 
Canada, Ottawa, and Vice-Pres ident  o f  t he  Canadian Assoc ia t i on  o f  
Geographers. 
" The au thor  would l i k e  t o  express h i s  a p p r e c i a t i o n  f o r  t h e  i n p u t ,  comments 
and c r i t i q u e s  of t h e  f o l l o w i n g  i n d i v i d u a l s  whose h e l p  was i n v a l u a b l e  i n  t h e  
p repa ra t i on  o f  t h i s  paper: P.D. Bircham, W.K. Bond, H.C. Bruneau, 
R. GGlinas, C. L i s i e c k i ,  J.D. McCuaig, L.C. Munn, I. Reiss, 
W. Simpson-Lewis. 
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